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GEOLOGICAL  COLUMN  IN  HURON  COUNTY. 
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Office  of  the  State  Geological  Survey,  ) 
Lansing,  Michigan,  Sept.  15,  1900.  [ 

To  the  Honorable,  the  Board  of  Geological  Survey  of  Michigan:. 

Hon.  Hazen  S.  Pingree,  President. 
Hon.  Perry  F.  Powers. 
Hon.  Jason  E.  Hammond,  Secretary. 

Gentlemen — Herewith  I  transmit  as  Part  II  of  Vol.  VII,  a  report 
on  the  geology  of  Huron  county,  the  Thumb  of  Lower  Michigan. 
Like  Part  I,  500  copies  are  issued  separately,  while  1,000  are  bound 
in  the  complete  volume.  Of  Chapter  IX,  100  copies  have  been 
printed  for  Prof.  C.  A.  Davis,  and  the  same  number  of  §  2  and  of  §  3 
of  Chapter  X  for  my  co  adjutors  Bryant  Walker,  Esq.,  and  Mr.  W. 
F.  Cooper. 

I  trust  this  report  may  aid  the  residents  and  well  drillers  of  the 
county  in  getting  good  water  supplies,  may  save  money  in  proving 
up  the  resources  of  the  county  in  coal,  gypsum,  limestone,  and  grind- 
stone, and  may  call  attention  to  the  probable  value  of  the  shale 
deposits.  Just  at  the  moment  I  notice  items  in  the  daily  press 
concerning  lead,  a  subject  which.  I  have  also  examined. 

To  my  fellow  geologists  it  may  be  interesting  to  see  what  can 
be' done  with  the  sub-surface  geology,  when  outcrops  are  very  rare, 
by  means  of  records  and  tests  of  farmer's  wells. 

It  will  probably  be  of  use  to  them  also  to  have  the  Marshall  of 
this  region  more  fully  treated,  and  a  definite  and  detailed  geological 
column  made  out,  covering  the  dividing  line  between  Devonian  and 
Carboniferous. 

I  feel  that  I  ought  to  call  attention  here  as  well  as  in  the  text  to 
the  important  help  which  I  have  received  from  Messrs.  Davis,  Goi*- 
don,  Walker  and  Cooper,  whose  names  ought  almost  to  have  ap- 
peared on  the  title  page,  and  also  to  the  fact  that  the  work  of 
preparation  of  this  report,  though  always  in  my  charge,  was  largely 
done  during  the  administration  of  my  predecessor.  Dr.  Hubbard. 
With  great  respect  I  am  your  obedient  servant, 

ALFRED  C.  LANE, 

State  Geologist. 


(£2C  ICibria 

^Ivdvlm  iHiUctrir  Mctvjc^ 
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Fig.  1,— The  Flagstaff  (or  Bowsprit)  at  Point  aux  Barques.  The  Thumbnail  of  Michigan, 
illustrating  the  undercutting  action  of  the  waves. 

CHAPTER  I. 
INTKODUCTION. 

§  1.  Historical. 

The  lower  prniusiila  of  Miohifiaii  lias  Iteeii  likened  to  a  man's 
hand.  In  such,  a  comparison  Saginaw  Bay  must  be  supposed  to 
separate  the  thumb  from  the  rest  of  the  hand.  Huron  county  is  the 
end  of  the  thumb  thus  formed,  so  that  we  may  look  upon  the  ledges 
which  line  its  northernmost  margin  (Fig.  1),  as  representing  the  pro- 
jecting thumbnail. 

Few  counties  of  the  lower  peninsula  hare  more  rock  outcrops 
exposed  than  Huron  county;  and  none,  perhaps,  have  a  greater 
variety  of  mineral  industries.  Coal,  limestone,  grindstones,  and 
salt,  are  among  the  substances  which  have  been  already  marketed, 
while  pyrite,  plaster,  cement  rock  and  mineral  waters  yet  await 
development. 

It  is  not  surprising,  therefore,  that  this  region  early  attracted 
attention.  Schoolcraft  in  his  narrative*  speaks  of  the  coarse  gray 
loosely  compacted  sandstone,  after  passing  Elm  Creek  in  the  ad- 

•"Summary  Narrative  of  an  Exploratory  Expedition  to  the  source  of  the  Missis- 
sippi River  in  1820;  with  appendixes,  comprising  all  the  official  reports  and  scien- 
tific papers  of  both  expeditions.  By  Henry  R.  Schoolcraft.  Philadelphia,  1855," 
pp.  54  and  310.   There  are  two  other  editions. 
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vance  to  Ship  Point  (Pointe  Aux  Barques).  He  continued  up  into 
"Saganaw"  Bay  to  "Point  Aux  Chenes,"  i.  e.  Oak  Point,  and  then 
crossed  the  bay,  stopping  at  an  island  "which  the  Indians  called 
Shawangunk,"  composed  of  a  dark  colored  limestone,  of  dull  and 
earthy  fracture  and  compact  structure.  It  presents  broken  and 
denuded  edges  at  the  water  level."  He  observed  in  it  nodular 
masses  of  chalcedon}^  and  calcspar.  "The  margin  of  the  island 
bears  fragments  of  the  boulder  stratum." 

This  must  be  Charity  Island,  as  he  says  it  is  about  midway  of 
the  bay,  and  he  says  it  is  the  largest  of  a  group  of  islands,  and 
southernmost  in  position.  Usually  there  are  but  two  islands 
placed  upon  the  map^  but  when  we  were  there  in  1896  there  was  a 
small  bar  just  out  of  water  about  half  way  between,  and  as  we 
see  from  Plate  V,  at  the  time  of  Schoolcraft's  expedition  the  lake 
was  very  low,  and  between  that  and  1856  some  wearing  away  may 
have  been  done.  We  cannot  understand  how  Schoolcraft  called  the 
largest  island  "southernmost."  By  a  not  unnatural  mistake  in  an 
early  explorer  coasting  along  the  shore  he  identified  this  limestone 
with  that  around  Thunder  Bay.  For  a  long  time  investigation  like 
settlement  was  superficial,  and  mainly  along  the  shore  of  the 
county,  and  waited  for  the  ax  of  the  woodman  to  strip  it  of  its 
covering  of  pine  and  lay  it  bare  for  exploration. 

§  2.  Previous  geological  reports,  Houghton,  Winchell,  Romiuger. 
inger. 

The  very  first  annual  report  of  the  State  Geologist*  mentions  the 
cliffs  of  Point  aux  Barques,  whose  picturesque  beauty,  reminding 
one  of  the  prows  and  sterns  of  vessels,  drawn  up  on  the  shore  like 
the  Greek  fleet  before  Troy,  suggested  the  name  of  the  point  to  the 
fancy  of  the  early  voyageur  (PI.  II). 

Houghton's  second  annual  report  refers  to  the  limestone  of  the 
Charity  Island,t  and  the  fourth  annual  report  contains  in  Bela 
Hubbard's  sub-report  further  details,  and  a  correlation  of  the  Point 
aux  Barques  sandstones  with  the  Waverly  sandstone  of  Ohio.|  In 
the  state  library  are  two  old  Mss.  maps  which  I  have  used  and  think 
belong  to  Houghton's  survey. §    With  the  untimely  death  of  Doug- 

*Douglass  Houghton:  Report  of  the  State  Geologist,  1S38,  H.  R.  No.  14,  p.  9.  Also 
H.  D.  No.  24,  pp.  276-317  and  S.  D.  No.  16. 

tSecond  Annual  Report  of  the  State  Geologist,  1839.  H.  D.  No.  23.  pp.  386-507.  S.  D. 
No.  12,  pp.  264-391,  H.  R.  No.  23  and  S.  R.  No.  23  (misprinted  No.  13). 

+1841,  p.  567  of  H.  S.  and  J.  D.  No.  11,  pp.  472-6-D7.  This  report  was  also  issued 
separately  as  H.  D.  No.  27. 

§For  the  magnetic  variation  on  the  coast  at  Sec.  17,  Grove  Township,  is  given  at 
1°  10'  0"  E.,  whereas  in  1858  the  Lake  Survey  found  it  to  be  8°  30'  E.  at  nearly  the 
same  point.  Also  a  Mss.  note  refers  to  the  state  of  a  ledge  in  1842,  and  there  are 
many  geological  notes. 
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PLATE  II. 

Illustrates  the  resemblance  of  the  cliffs  at  Point  Aux  Barques  to  the  sterns  of  steamers,  a  small  tree  fre- 
quently playing  the  part  of  a  flagstaff:  the  cliffs  are  composed  of  Lower  Marshall  sandstone  and  their  upper 
level  is  determined  by  the  Algonquin  terrace. 

(Reproduced  through  the  courtesy  of  the  F.  &  P.  M.  R.  R) 
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lass  Houghton  the  Geological  Survey  stopped,  and  we  have  a  period 
during  which  there  is  little  recorded  advance  in  local  geological  in- 
vestigation. Yet  during  this  time  in  1850  the  famous  grindstone 
quarries  were  opened  by  Capt.  A.  C.  Poor,  and  the  product  soon 
became  widely  known. 

In  the  latter  part  of  the  fifties  Alexander  Winchell,  Michigan's 
most  eminent  geologist,  began  his  work  and  in  his  first  report*  we 
find  a  careful  description  of  the  rocks  exposed  along  the  shore. 
On  page  75  he  describes  the  rocks  around  the  Point  aux  Barques 
lighthouse^  and  the  grindstone  quarries.  On  pages  80  to  82  he 
gives  a  description  of  the  rocks  of  the  Marshall  group  from  Hard- 
wood Point,  on  Sec.  35,  T.  19  N.,  K.  12  E.,  past  Flat  Rock  Point, 
"Point  au  Pain  Sucre,"  to  Point  aux  Barques.  On  page  88  he  de- 
scribes Pt.  au  Chapeau,  on  Sec.  7,  T.  18  N.,  R.  12  E.,  as  belonging  to 
his  Napoleon  Group.  The  "Michigan  Salt  Group"  he  divined,  with- 
out actually  seeing  it  exposed,  to  be  near  the  mouth  of  the  Pigeon 
River,  i.  e.,  Caseville.  This  conclusion  which  we  have  verified,  is  a 
marked  illustration  of  his  sagacity  as  a  geologist. 

The  Carboniferous  limestone  he  recognized  (p.  100)  near  the  She- 
beon,  "Cheboyong"  Creek,  on  the  S.  W.  i  of  Sec.  22,  and  the  N.  W. 
\  of  Sec.  13,  [Sic]  T.  16  N.,  R.  9  E.,  and  on  the  shore  of  Wild  Fowl 
Bay  and  its  islands,  viz.:  on  "Shungwoigue,"  otherwise  called  Stone 
Island,  and  on  "Ashquaguindaigue,"  now  known  as  North  Island. 

Finally  he  estimated  that  the  coal  formation  should  strike  the 
lake  near  Sebewaing, — and  the  position  of  the  Sebewaing  coal 
mines,  located  as  they  are  near  the  margin  of  the  coal  basin  verifies 
his  prediction  (p.  121).  Winchell  was  much  interested  in  the  rocks 
of  Huron  county,  especially  from  a  paliBontological  point  of  view, 
and  he  continued  for  many  years  publishing  papersf  in  which  fossils 


♦First  Biennial  Report  of  the  Progress  of  the  Geological  Survey  of  Michigan. 
Dec.  31,  1860,  Lansing,  8-vo.,  pp.  339. 

tl862.  Descriptions  of  Fossils  from  the  Marshall  and  Huron  Groups  of  Michigan. 
Proc.  Acad.  Nat.  Sci.,  Phila.,  XIV,  1862,  pp.  405-430. 

1862.  Amer.  Jour.  Sci.  and  Arts,  2d  Series,  XXXIII,  p.  353. 

1863.  Descriptions  of  Fossils  from  the  Tellow  Sandstones  lying  beneath  the  "Bur- 
lington Limestone"  at  Burlington,  Iowa.  Proc.  Acad.  Nat.  Sci.  Phila.,  XV,  1863,  pp. 
2-24. 

On  the  Identification  of  the  Cattskill  Red  Sandstone  Group  with  the  Chemung. 
Amer.  Journ.  Sci.  &  Arts,  2d  Series,  XXXV,  1863,  pp.  61-62. 

1S65.  Descriptions  of  New  Species  of  Fossils,  from  the  Marshall  Group  of  Mich- 
igan, and  its  supposed  equivalents  in  other  states.  Proc.  Acad.  Nat.  Sci.  Phila., 
XVII,  1865,  pp.  109-133. 

1865.  Some  Indications  of  a  Northward  Transportation  of  Drift  Material  in  the 
Lower  Peninsula  of  Michigan.    Amer.  Journ.  Sci.  &  Arts,  2d  Series,  XL,  pp.  331-338. 

1869.  The  Mineral  Fertilizers  of  Michigan,  Report  Department  of  Agriculture, 
Washington,  Second  Session,  44th  Congress. 

187a.  On  the  Geological  Age  and  Equivalents  of  the  Marshall  Group.  Proc.  Am. 
Philos.  Soc,  XI,  1871,  pp.  57-82,  385-418. 

1871.  Notes  and  Descriptions  of  Fossils  from  the  Marshall  Group  of  the  Western 
States^  with  Notes  on  Fossils  from  other  Formations.  Proc.  Am.  Philosophical 
Soc,  XI,  pp.  245-260. 
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collected  from  Huron  county  were  described  or  compared,  which 
we  can  only  refer  to  here,  leaving  their  fuller  discussion  to  the 
paljeontological  part  of  the  report,  Chapter  X. 

Beside  the  papers  mentioned  in  the  foot  note,  which  relate  more 
particularly  to  the  pal.-eontology.  other  papers  bearing  more  or  less 
on  the  physical  geography  or  geology  of  Michigan  are  as  follows: 

In  1871  he  published  an  article  in  Harper's  Monthly  on  the  climate 
of  the  Great  Lakes  (XLIII.  p.  279-281),  to  which  we  shall  have  to 
refer.  In  1873  he  prepared  for  Walling's  Atlas  (republished  in  1883 
by  R.  M.  and  S.  J.  Tackabury)  a  number  of  articles  which  were  re- 
printed under  the  title  "Michigan.  Being  Condensed,  Popular 
Sketches  of  the  Topography,  Climate  and  Geology  of  the  State" 
(8vo.,  pp.  121). 

In  1875  he  published  a  rectification  of  the  geological  map  of  Mich- 
igan, that  he  had  prepared  for  Walling's  Atlas.*  and  in  1878  pre 
pared  the  chapter  on  Michigan  in  J.  Macfarlaue's  ''Geological  Rail- 
way Guide,"  which  gives  the  geological  formation  supposed  to 
underlie  each  station.  This  book  was  revised  in  subsequent  edi- 
tions up  to  1890.  While,  however,  there  is  some  progress  indicated 
in  these  publications  in  the  general  conceptions  of  the  geology  of 
the  state,  there  is  nothing  added  to  the  detailed  geology  of  Huron 
county  which  calls  for  especial  mention. 

In  the  meantime  Dr.  Carl  Rominger  had  published  in  1876  his 
principal  work  on  the  geology  of  the  Lower  Peninsula, — Volume  III 
of  the  Reports  of  the  Geological  Survey  of  Michigan.  That  volume 
also  contains  a  very  valuable  appendix  by  Dr.  Garrigues^  State  Salt 
Inspector,  on  the  various  deep  borings  and  their  brines.  In  that 
report,  which  we  do  not  summarize  here  as  it  is  of  the  same  serie.>* 
as  this  report,  many  outcrops  not  before  noticed  and  many  new  deep 
borings,  were  described  from  Huron  county,  and  a  number  of  fos- 
sils, the  two  forms  of  Lithostrotion  being  figured.  All  these  will  h>' 
referred  to  in  due  place.  Dr.  Rominger  added  much  to  our  detailed 
knowledge  of  Huron  county  and  as  we  shall  see  took  a  somewhat 
different  view  of  the  stratigraphy  around  Port  Austin  from  that 
taken  by  Winchell.f 

The  opening  of  the  Sebewaing  coal  mines  in  1890-1891  was  an- 
nounced in  the  reports  of  the  Commissioners  of  Mineral  Statistics, 
for  1890  and  for  1891t.  On  the  map  accompanying  Rominger's  re- 
port this  area  was  indicated  as  outside  the  Coal  Measures. 

*Proc.  Am.  Ass.  Adv.  Sci.,  XXIV,  Part  2,  pp.  27-43. 
tLoc.  cit.,  p.  76. 

tC.  D.  Lawton,  1S90,  p.  66;  J.  P.  Edwards,  1S91.  p.  119. 
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§  3.    Recent  work. 

In  1892.  when  the  present  writer  under  the  direction  of  the  then 
State  Geologist,  ^f.  E.  Wadsworth,  began  editing  the  well  recordis 
and  other  material  wliich  had  been  collected  by  Dr.  Wadsworth's 
predecessor,  C.  E.  Wright,  his  attention  was  iialnrally  called  to  the 
discrepant  views  of  earlier  geologists,  and.  csiKM  inlly  by  Hon  W-  L- 
Webber  of  Saginaw,  to  the  advances  that  had  since  been  made  in  the 
development  of  the  county.  Beside  the  coal  mining  and  grindstone 
quarrying  tlnMc  had  been  considerable  quarrying  around  in  the 
neighboi  lidod  of  ^Vild  Fowl  Bay,  the  large  Bayport  quari-ies  being 
opened  in  1888.  Thus,  though  the  report  of  Volume  V  gave  the 
data  then  at  hand,  the  county  was  recognized  as  one  where  farther 
field  work  promised  economic  and  scientific  rewards.  The  writer 
made  a  preliminary  visit  in  December,  1895,  and  in  1896  the  summer 
was  spent  in  field  work  there.  During  part  of  the  time  he  was 
assisted  by  Dr.  C.  H.  Gordon,  and  by  Prof.  C.  A.  Davis  of  Alma 
College.  Prof.  Davis  and  the  writer  have  worked  Kanges  12,  13 
and  11  together,  and  the  botanical  notes  are  entirely,  and  the 
plan  of  the  chemical  work  largely,  due  to  Prof.  Davis.  The  western 
Ranges  9,  10  and  11,  have  been  more  particularly  studied  by  the 
writer  who  is  also  generally  responsible  for  the  assembling  of  the 
data,  the  language  of  the  report,  and  the  construction  or  prepara- 
tion of  the  illustrations. 

During  the  same  summer  Messrs.  F.  B.  Taylor  and  G.  K.  Gilbert 
of  the  U.  S.  Geological  Survey  made  a  rapid  visit  to  the  county, 
being  engaged  in  tracing  the  old  lake  shores.  The  result  of  Mr. 
Taylor's  work  was  given  to  the  public  that  summer  at  the  meeting 
of  the  Geological  Society  of  America,  and  published  in  an  important 
paper  to  which  we  shall  have  frequent  occasion  to  refer.*  A 
map  from  this  paper  we  have  with  his  permission  reproduced  in 
Plate  VI,  as  it  gives  a  good  idea  of  the  general  relations  of  Huron 
county  geographically  as  well  as  its  position  and  relations  during 
the  Champlain  epoch  and  in  general  we  are  guided  by  Taylor  in 
naming  and  correlating  the  beaches. 

The  county  has  also  occasionally  been  visited  by  other  geologists, 
whose  notes  so  far  as  we  are  informed  have  not  been  given  to  the 
public. 

This  report  was  chiefly  written  in  the  winter  of  189G-97.  In  the 
fall  of  1897,  incited  thereto  by  the  writer,  who  sent  a  short  unpub- 


»Bull.  G.  S.  A.,  1S97.  Vol.  VIII,  pp.  31-33. 
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lished  abstract  of  his  results  to  the  meeting  of  the  A.  A.  A.  S.  in 
Detroit,  that  fall,  the  county  was  visited  by  W.  F.  Cooper,  who  has 
done  much  work  on  similar  beds  in  Ohio^  and  by  Mr.  George  F. 
Grirty  of  the  United  States  Geological  Survey.  The  writer  guiding 
Mr.  Girty  also  revisited  the  county^  especially  studying  the  eastern 
part  around  Harbor  Beach  which  he  had  not  previously  visited,  and 
doing  some  additional  work  on  Kanges  14  and  15,  and  studying 
the  rate  of  erosion  on  the  eastern  shore.  Mr.  Girty  and  Mr.  Cooper 
have  added  to  our  palaeontological  knowledge  of  the  county,  and 
material  by  Prof.  A.  Winchell  and  by  Mr.  Cooper  add  much  to  the 
value  of  the  palaeontological  chapter. 

At  the  same  meeting  Mr.  Gilbert  read  a  paper  on  the  change  of 
level  of  the  land  around  the  Great  Lakes,*  which  incorporates  some 
observations  which  he  made  or  had  made  in  the  county.  Other 
work  has  prevented  anything  but  a  cursory  revision,  prior  to  publi- 
cation, in  the  fall  of  1899.  Some  work  for  the  survey  on  the  clays 
and  shales  by  H.  Ries  and  on  coal  by  H.  J.  Williams  has  been  in- 
cluded. 

§  4.  Acknowledgments. 

While  Messrs.  Gordon,  Davis,  Cooper  and  the  writer  have  been 
directly  employed  by  the  Survey,  the  value  of  this  report  is  largely 
due  to  the  records  carefully  kept  and  freely  furnished  them  by 
others,  whose  disinterested  love  for  science  and  appreciation  of  the 
importance  of  scientific  facts  deserve  a  word  of  mention  here.  Too 
often  are  records  and  samples  which  are  of  great  scientific  value, 
and  may  later  be  of  money  value,  thrown  away  because  of  no  imme 
diate  importance. 

Among  those  who  have  thus  furnished  valuable  material  to  the 
Survey,  Hon.  W.  L.  Webber  of  Saginaw  may  first  be  mentioned,  for 
the  whole  determination  of  altitudes  rests  primarily  on  lines  of 
levels  freely  furnished  by  him,  without  which  the  work  would 
everywhere  be  distinctly  less  accurate.  Not  only  this,  but  he  has 
also  given  access  to  records  of  various  explorations,  and  rendered 
the  work  of  the  Survey  every  assistance  in  his  power. 

The  oflScials  of  the  Pere  Marquette  Railroad  Company  have 
also  been  most  courteous,  both  in  response  to  inquiries,  in  loan- 
ing illustrations  and  in  other  ways.  Much  information  has  also  been 
derived  from  well  drillers,  who  have  always  shown  a  willingness 
to  help  the  Survey  in  its  work.    For  example  Mr.  John  Russell  of 

*Nat.  Geog.  Magazine,  Sept.  1S97.  VIII.  pp.  233-247;  also  ISth  Annual  Report  U.  S. 
Geol.  Survey,  1S9S,  Part  II,  p.  624. 
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Unionville^  to  whom  is  largely  due  the  credit  for  the  development 
of  the  Sebewaing  coal  mines,  gave  access  to  the  records  of  borings 
•for  water  which  he  has  been  carefully  keeping  for  years,  and  he 
and  Messrs.  Hofmeister,  Bullock,  Smith  and  others  have  saved 
samples  of  the  wells  they  were  engaged  upon.  Want  of  space  for- 
bids a  detailed  enumeration  of  all  those  residents  of  the  county  who 
have  assisted  us.  Their  names  will,  to  a  large  extent,  be  found 
scattered  through  the  report  as  authority  for  the  various  data.  In 
return  for  their  courtesy  it  is  hoped  that  this  report  may  do  some- 
thing toward  advancing  the  interests  of  the  county,  assisting  in 
more  intelligent  and  economical  development  of  its  water  supply,  in 
more  extended  use  of  its  other  varied  natural  resources  and  in  more 
interesting  teaching  of  physical  geography  and  natural  history  by 
illustrations  drawn  from  natural  features  near  at  hand.  Outside 
the  district  the  Survey  is  under  obligations  to  Bryant  Walker,  Esq., 
of  Detroit;,  who  has  determined  the  shells  of  the  shell  marl,  with  the 
exception  of  the  Pisidia;  to  Dr.  Victor  Sterki,  who  determined  the 
latter,  to  the  U.  S.  Geological  Survey  for  numerous  favors,  and  to 
the  U.  S.  War  Department  for  loan  of  original  field  sheets  to  be 
photographed. 
§  5.  Maps. 

The  maps  in  the  State  Library  referred  to  are  interesting  as  re- 
cording forgotten  names  and  islands  which  have  vanished. 

The  only  geological  maps  of  Huron  county  are  those  incorporated 
in  some  general  map  like  those  issued  by  Winchell  in  Walling's 
Atlas  (loc.  cit.)  and  by  Eominger  and  Lane,  in  Volume  III,  respec- 
tively V,  of  this  series  of  reports.  As  to  the  topographical  maps, 
the  early  maps  prior  to  the  U.  S.  Land  Survey  in  1845  and  1848,  are 
sufficiently  well  represented  by  Jeremiah  Greenleaf's  Universal  At- 
las of  1848.  They  are  far  from  accurate.  White  Rock  is  half  way 
down  in  Sanilac  county.  Willow  Creek,  called  Black  River,  empties 
into  a  marked  bay  between  Rogers  Point  and  Pt.  aux  Barques, 
which  is  about  where  Burnt  Cabin  Point  should  be.  Sugar  Point  is 
perhaps  Flatrock  Point,  and  the  Pigeon  River  masquerades  as  Sugar 
River.  Oak  Point  is  Pt  au  Chenes.  Charity  Island  is  Shawangunk, 
and  the  islands  off  Wild  Fowl  Bay  are  rolled  up  into  one  mythical  I. 
au  Traverse  and  planted  square  across  Saginaw  Bay. 

1856.  Farmer's  map  in  6  sheets.  7^  miles  to  the  inch,  summarizes 
the  result  of  the  United  Land  Survey,  and  was  a  most  excellent  map. 
This  was  issued  and  reissued,  in  various  scales  and  at  various  dates. 
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1871.  Walling's  County  Atlas  of  Michigan,  already-  mentioned, 
contains  beside  the  geological  map  of  the  state,  a  separate  map  of 
Huron  county,  which  is  interesting  historically,  in  showing  streams 
lakes  and  roads  now  no  more,  and  occasionally  it  is  more  accurate 
than  recent  maps.  We  used  blue  prints  of  this  to  some  extent.  It 
was  derived  from  the  notes  of  the  United  States  Land  Office,  and 
shows  the  original  courses  of  the  streams  which  have  in  some  cases 
been  much  changed  by  ditches.  The  Land  Office  maps  also  show 
the  original  swamp  areas. 

1872.  I  have  a  sectional  map  of  this  date  with  no  author  nor 
publisher  given  which  seems  to  follow  Mss.  maps  in  the  State  Li- 
brary at  the  Capitol,  that  are  independent  of  the  U.  S.  Land  Office, 
already  referred  to. 

1875.  In  this  year  a  large  county  map  on  the  scale  of  two  inches 
to  one  mile  was  issued  by  F.  W.  Beers  of  Philadelphia.  This  map 
showed  ownerships. 

1883.  The  Walling  atlas  was  reissued  with  added  railroads  by 
Tackabury. 

1890.  An  Atlas  of  Huron  county  was  published  by  E.  K.  Cook- 
ingham  and  Company,  with  a  general  map  of  the  county  on  a  scale 
of  one-half  inch  to  one  mile,  with  township  maps  on  a  scale  of  two 
inches  to  one  mile,  and  village  plats  mainly  on  a  scale  of  four  hun- 
dred feet  to  one  inch.  These  were  largely  constructed  from  deeds 
in  the  County  Records,  and  have  been  the  principal  base  of  our  map. 
Some  use  has  also  been  made  by  us  of  the  profiles  of  drains  filed  in 
the  office  of  the  County  Drain  Commissioner. 

In  1856-7.  The  United  States  Lake  Survey  carefully  surveyed  the 
coast  of  Lake  Huron  in  this  region,  and  the  Chart  of  Saginaw  Bay, 
published  in  1860,  gives  the  results  on  a  scale  of  1:  120,000.  very 
nearly  one-half  inch  to  the  mile.  As  above  mentioned  we  have  been 
permitted  to  use  photographs  of  the  field  sheets,  which  were  on  a 
scale  of  1:  16,000. 

The  following  list  of  names  which  have  been  applied  to  the  geo- 
graphical features  may  be  of  service.  There  are  three  types  of 
names, — those  of  English,  of  French,  and  of  Indian  derivation.  In 
many  cases  one  is  a  translation  of  the  other. 


TABLE  1— GEOGRAPHIC  NAMES  OF  HURON  COUNTY,  SHOWING  EQUIVALENTS  USED  BY  SUNDRY  AUTHORITIES.  PREFERRED 
NAMES  ARE  ITALICIZED.  THE  ORDER  IS  GEOGRAPHICAL  FROM  THE  S.  E.  CORNER  OP  THE  COUNTY  AROUND  BY  THE  NORTH  TO 
THE  S.  W.  CORNER 


English. 

Authority. 

French. 

Authority. 

Indian. 

Authority. 

White  Sock  

C.,L.O.,T,Ro.,R.R,L.S.,F. 

S.  H  

C,  T.,  L.S  

M.  H. 

Purdy  Bay.  Sec.  5,  White  Rock  Tp  

Sharpe  Bay,  Sec.  3E,  T.  16  N..R.  16  E.. 

L.  S  

Hardwood  Point  Creek,  emptying  on 

I  Section  29  Gore  Tp  

M.H  

Roaers  Pt.,  Sec.  12  Huron  Tp  

H.W.,  R.R  

j  WtUow  Hiver  

M.,  H  

J  New  River  

1  Pine  River  and  Bay  

T.,  R.,  L.S.,  M  

Burnt  Cabin  Pt  

L.O.,  Wi.,  Ro.,  K.,  L.,  S.F. 

f  Point  of  Barques  

Ro  

Ship  Point  

J  Point  aux  Barques  

C.L.,  O.,  Wi.... 

1  Pointe  aux  Barques. . . . 
[Point  au  Barques  

T.L.S.,  M.F.H.. 

M  

Grant  Creek  

Flat  Hock  Point  

L.O.,  T.,  Wi.,  Ro.,  L.S  

5  Point  au  Pain  Sucre.. . 
J  Pointe  au  Pain  de  Sucre 

Wi.,  F  

H  

Hard  Wood  Point  

Wi.,  L.S  

I  Partridge  River 

L  S 

(  Point  of  Barques  R. . . . 

R.,  L.o   

I  Pinnftcnc  

Ro 

}  Pigeon  River  

H  

i  R.  aux  Tourtes  

H  

epog  

T..  R.R. 
C,  M. 

ebog  

L.O.,  Ro.,  L.S  

Point  au  Chapeau  

M.,  Wi  

(Or  Loosemore  Point  

Pointe  au  Chapeau  

H  

C,  L.O.,  T.,  L.  S.,  F.  

L.S  

Little  Oak  Point  

OcUc  Point  

L.O.,  T.,  L.S.,  H  

J  Point  aux  Chenes  

S.M  

j  Pointe  aux  Chenes 

Pigeon  Siver  

L.O.,  Wi.,  R.R.,  S.F  

T  L  S  

R.  Croche  

M.,  H  

1  Charity  Island 

i  Great  Charity  Island  

Wi  

S.,  Oreenleaf. 

1  Little  Charity  Island  

J  Sand  Point  

L.O.,  T.,  R.R.,  L.S  

1  Point  Charities  

C  

M  

1  Pointe  au  Sables.  

Mud  Creek 

L.O.,  T.,  WL,  Ro.,  R.R.... 

{ Ash-qua-guin-dai-gue. . 
1  Ash-qua-quin-dai-gue... 
I  Ashe-quai-gwin-dai-gue 
[  Ashe-quai-gwin-dai-que 

F.   

Wi.   

H.   

Wi  

L.O.,  I^S  

(■  Shungwoique  

J  Ching-Qua-Ka  

H.   

T. 

]  Shung-woi-gue  

Wi.,  F. 
M. 

!  Helsterman  

C  

[  Shong-woi-que  

1   

f  Kate-Choi  

M. 

Ro  

C.F.H. 

.j  Ka-te-chay  

L.S. 

R.R  

j  Maisou  

1  Ka-te-chL  

T. 

L.O. 
L.S. 

R.R.,  M  

1  Maison  

T.,  R.  R  

[Kate-shay  

1  X.  Minishas  

L.O. 

S.  Pond  I  

R.R.,  F  

J  S.  Mlneshas  

L.S. 

Pond  I  

L.O. 

fihfheon.  _ .  _  

C. 

Cheb 
Sebei 
Sibb« 

oyong  

Wt 

aing  

C.T.,  WI.,  R.R.,  1 

R.  du  FU.  M.F  

swing  

L.S.,M.  f 

Abbrevations: 

Schoolcraft's  Narrative,  S. 
U.  S.  Land  Office.  L.  O. 
U.  S.  Lake  Survey.  L.  S. 

Walling  Atlas,  and  Tackabury's  reissue.  1883,  T. 
Cookicgham's  Atlas,  C 

Winchell's  Geological  Report.  I 
Rand  McNally ;  Railroad  Folder 
Rominger's  Geological  Report. 
Sectional  Map  of  Michigan,  187 
Farmer's  map.  F. 
Mss.  Maps  of  Houghton's  Surve 

860.  Wi. 
s,  etc..  R  R. 
1869-1873,  Ro 
2,  M. 

y.  H 
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GEOLOGICAL  COLUMN. 

§  1.  Pleistocene,  i.  e.,  unconsolidated  materials,  soils,  and  sub- 
soils, (a)* 

Although  repetition  is  involved,  it  is  best  to  give  at  once  a  general 
account  of  the  principal  materials  which  make  up  the  frame  of  the 
county,  geologically  speaking,  whether  rocks  in  the  popular  sense, 
or  soils^  or  subsoils.  At  the  same  time  we  may  give  some  reference 
to  their  nearest  representatives  elsewhere,  for  so  one  will  be  able 
to  understand  more  intelligently  references  to  them  scattered 
through  the  text.  A  more  detailed  account  of  their  character  may 
be  gathered  from  the  chapter  devoted  to  their  distribution. 

An  imaginary  section  down  into  the  earth's  crust,  showing  the 
various  materials  of  which  it  is  composed  at  any  place,  is  called  the 
geological  column  at  any  place.  Plate  LXXIII  of  Vol.  V,  of 
these  reports,  gives  such  a  geological  column  for  the  Lower  Pen- 
insula. We  proceed  therefore,  to  give  an  account  of  the  geological 
column  under  Huron  county  (PI.  I). 

Our  first  division  includes  the  materials  most  recently  laid  down, 
or  even  now  in  process  of  formation.  Such  are  the  finer  material, 
called  sand,  and  the  coarser  material. — called  shingle  and  gravel, — 
of  the  present  shore  lines.  Along  the  west  coast  the  sand  is  fre- 
quently blown  back  from  the  beach  into  undulating  mounds  known 
as  dunes.  Off  shore  and  in  shallow  waters  muds  and  oozes  are 
forming.  The  streams  deposit  "alluvium,"  that  is  silt  and  sands 
and  even  gravels,  especially  along  their  courses  upon  their  flood 
plains  in  times  of  freshet.  In  the  smaller  lakes  and  in  the  great 
lake  in  sheltered  stretches  we  find  shell  marls  forming,  mixtures 
of  mud,  decayed  vegetation  and  the  cast  off  shells  of  fresh  water 
snails  and  similar  animals  with  precipitated  lime.  Such  shell  marls 
make,  if  drained,  a  wonderfully  fertile  soil  and  are  also  coming  into 

*This  letter  and  corresponding  letters  in  parentheses  below,  have  the  same  mean- 
ing as  in  Plate  LXXIII  of  Vol.  V. 
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demand  for  the  making  of  cement.  Such  a  lake,  once  known  as 
Bear  Lake,  has  been  drained  just  southwest  of  Port  Austin  and  the 
land  is  said  to  yield  unusually  large  crops  of  timothy.  Out  from 
the  edges  of  the  lakes^  as  is  well  seen  around  Eush  Lake,  the  marsh 
creeps  slowly  but  surely,  fills  them  up,  and  makes  deposits  of  muck 
or  peat,  converting  them  into  swamp.  Occasionally  masses,  or  ir- 
regular sheets,  of  bog  iron  ore  are  formed,  the  iron  ore  being  leached 
by  organic  acids  out  of  the  surrounding  sands,  which  are  left  un- 
usually white,  the  iron  being  later  reoxidized  and  deposited.* 
Waters  thus  charged  with  dissolved  iron  become  covered  with  an 
iridescent  scum  on  becoming  exposed  to  the  air.  Such  scums  are 
well  marked  on  the  shore  west  of  Caseville,  and  are  sometimes  mis- 
taken for  oil,  by  those  who  do  not  observe  closely,  but  they  lack  the 
characteristic  odor,  and  the  sheet  of  scum  breaks  up  into  angular 
forms.  A  similar  type  of  chemical  deposit  is  that  formed  by  the 
deposition  of  lime  from  calcareous  springs  when  they  reach  the 
surface.  Such  deposits  of  calcareous  tufa  or  travertine,  as  they  are 
called  when  they  form  exposed  to  the  air,  were  observed  around  a 
spring  in  the  bank  of  Willow  Creek,  while  if  they  form  beneath  lakes 
or  bogs  they  produce  marl  or  bog  lime.  Similar  materials  to  those 
now  forming  in  these  different  ways  we  also  find  where  they  cannot 
have  been  formed  under  present  conditions.  Thus  rolling  ridges 
of  dune  sand  swing  southwest  from  Caseville  to  Bayport,  cutting 
off  Sand  Point,  far  from  the  present  shore  line.  Thus,  too.  south 
of  Badaxe  beds  of  shell  marl  exist  under  the  muck_,  where  there  is 
no  longer  any  pond,  and  even  the  marsh  is  fast  being  drained. 
Again  near  Huron  City  cliffs  overlook  benches  of  shingle,  where  no 
storm  could  now  sweep  the  waves  of  Lake  Huron.  Around  Pigeon, 
Elkton,  and  Badaxe.  and  often  elsewhere  we  find  beds  of  clay  evi- 
dently deposited  in  a  body  of  water.  In  fact  all  over  the  county 
ridges  of  sand  and  gravel  are  found,  and  long  trains  of  boulders, 
which  are  like  the  present  shore  line  formations. 

These  we  still  class  as  recent  deposits,  but  we  see  that  we  must 
look  far  enough  back  into  history  for  the  time  of  their  origin,  to 
find  a  somewhat  different  physical  geography  from  the  present.  In 
the  county  we  also  find  deposits,  still  unconsolidated,  and  not  rock 
in  the  popular  sense,  but  often  firmer  and  more  solid  than  those 
already  mentioned  and  classed  as  "hardpan/'  whose  origin  we  can 

*Prof.  Davis  observed  a  good  instance  of  this  leaching  of  iron  oxide  on  the  south- 
east %  of  Sec.  36,  T.  15  N.,  R.  10  E..  Sp.  19174. 
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ascribe  to  no  agent  now  working  in  the  countj^  The  deeper  cuts  in 
the  hills  around  Verona  or  Ubly  show  well  these  deposits.  All 
water  deposits  show  some  banding  and  stratification  and  in  them 
the  material  is  assorted  according  to  grain,  and  especially  is  the 
very  fine  clayey  material  (0.005  mm.  in  diameter  or  less)  washed 
out  from  the  coarser  and  deposited  separately.  The  coarser  stones 
are  also  more  or  less  rolled  and  rounded.  But  in  the  material  we 
are  considering,  whose  shortest  name  is  "till,"*  we  find  stones  of 
various  sizes  and  irregular,  frequently  of  angular  or  grotesque 
shape,  firmly  compacted  together  with  a  clayey  cement.  The  stones 
and  boulders  which  we  find  in  this  deposit,  and  also  strewn  6ver  the 
surface  of  the  county,  are  not  derived  altogether  from  rocks  which 
are  to  be  found  in  ledges  in  the  county,  but  come  from  far  away  in 
Canada, — a  conspicuous  jasper  conglomei-ate  with  blood  red  bits  of 
jasper  sprinkled  here  and  there  in  the  white  quartz,  masses  of  vein- 
quartz,  heavily  loaded  with  pyrite,  granite,  hornblende  and  staurolite 
schist,  etc.  This  material  is  such  as  is  deposited  under  glaciers,  and 
the  glacially  grooved  surfaces  of  the  limestone  in  the  Bayport  quar- 
ries (PI.  IX)  also  give  evidences  of  the  presence  of  a  vast  sheet  of 
ice  that  once  came  down  from  Canada,  and  crept  heavily  over  the 
country  down  to  the  Ohio  Kiver.  The  period  of  this  ice  sheet  is 
known  geologically  as  the  Pleistocene,  or  Quaternary.  Contempor- 
aneous with  the  presence  of  the  ice  sheet,  deposits  like  those  now 
forming  were  laid  down  in  front  of  its  margin,  as  it  retired.f 
§  2.    Coal  measures  of  Sebewaing.  (b) 

The  formation  known  as  the  Woodville  sandstone,  a  reddish  sand- 
stone, separated  off  by  Winchell,  but  not  by  Eominger,  is  not  repre- 
sented. It  may  perhaps  once'  have  existed,  for  we  find  the  uncon- 
solidated deposits  resting  on  an  uneven  surface  with  stream  valleys 
cut  into  it,  which  now  are  entirely  filled  and  hidden.  Such  a  surface 
indicates  what  is  known  as  an  unconformity  between  the  deposits 
above  and  those  below.  From  what  has  been  learned  elsewhere  we 
know  that  this  unconformity  is  a  sign  that  for  many  more  years 
before  the  ice  period,  than  have  slipped  away  since  that  time,  this 
rock  surface  was  a  land  surface  which  stood  above  sea  level  and  was 
carved  and  eroded  away  by  running  streams.  Possibly  during  that 
time  the  Woodville  sandstone  and  others  of  the  uppermost  rocks 
were  entirely  wasted  away. 

♦The  term  "boulder  clay"  is  not  a  very  happy  one  for  Huron  county  for  the 
ground  moraine  often  has  not  many  large  stones,  and  is  typically  rather  a  gravelly 
clay. 

tTaylor,  loc.  cit. 
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Passing  uow  to  what  we  have  left  of  the  Coal  Measures,  the  well 
records  of  Sections  7,  8,  17,  18,  of  Sebewaing  township,  from  about 
50  to  about  125  feet  down,  show  the  character  of  the  rock.  Rom- 
inger's  remark*  is  quite  applicable;  "the  whole  series  is  a  constant 
alternation  of  shale  and  sandstone  beds,  and  every  natural  or  arti- 
ficial section  teaches  us  that  an  immense  variety  exists  in  this  alter- 
nation." It  will  be  observed  that  red  colors  do  not  prevail,  but 
white  and  bluish  to  black.  The  shale  is  in  streaks  black  and  bitu- 
minous. At  two  horizons,  at  least,  occur  seams  of  coal,  one  of 
which  tends  to  be  about  4  feet  thick,  but  may  be  somewhat  thicker, 
and  often  is  cut  out  entirely.  Sandstones  run  from  white  to  gray  in 
color.  The  whole  formation  is  more  or  less  charged  with  pyrite. 
Carbonates  of  iron,  magnesia  or  lime  occur  in  nodules  or  thin  bands 
and  zinc  blende  (ZnS)  may  occur  in  similar  form.  The  clay  beds 
under  the  coal  are  often  called  fire-clay,  but  the  clays  like  the  other 
beds  vary  rapidly  in  short  distances.  For  example  the  heavy  clay  in 
Bauer's  well  and  that  in  Miller's  well,  both  in  Sebewaing  were  quite 
different,  the  one  being  much  "fatter"  than  the  other.  Black  bits 
of  fossil  rushes  are  not  uncommon  in  them.  There  are  from  50  to 
75  feet  of  clay  above  the  principal  coal  deposit  and  less  than  twenty 
below  it.    I  assign  to  this  group,  say.  in  all — 75  feet. 

At  the  bottom  of  the  Coal  Measures  a  sandstone  is  separated  off 
by  Winchell  under  the  name  of  Parma  sandstone.f  But  the  dip 
of  45°,  which  he  gives,  shows  that  there  is  something  abnormal 
about  it,  and  Rominger  fails  to  recognize  it  as  a  separate  horizon.t 
Only  a  trace  of  it  is  found  in  Huron  county,  e.  g.,  in  Bauer's  well, 
Sebewaing,  from  101-104  feet,  though  it  seems  about  Bay  City  and 
Saginaw  to  be  well  marked,  but  even  there  it  belongs,  I  conceive, 
rather  with  the  next  group  lower. 

§  3.    Maxville  limestone  of  Bayport. 

The  Grand  Repids  Series  (c),  in  Huron  county,  can  be  easily 
divided  into  two  parts:  the  upper  being  the  limestone  of  Bayport, 
equivalent  to  the  Maxville  limestone  of  Ohio. 

This  formation  is  composed  of  limestone,  alternating  with,  and 
at  times  frequently  replaced  by  beds  of  white  sandstone,  thus  re- 
sembling the  Kaskaskia  of  Indiana. §  The  sandstone  is  often  cal- 
careous and  very  fossiliferous,  and  the  limestone  is  inclined  to  be 

*L,oc.  cit.  D.  12S. 

tLoc.  cit.,  I860,  pp.  112.  13S. 

ILoc.  cit..  p.  12S. 

§20th  Annual  Report,  State  Geol.  of  Indiana.  1S95,  pp.  330-331. 
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very  cherty  w  ith  rounded  siliceous  concretions.  The  lower  beds  are 
often  brown  and  dolomitic.  The  first  fifty  feet  of  the  Bayport  lime- 
stone quarry  section, — on  Sec.  5,  T.  16  K.,  E.  10  E.  (Fig.  8),  is  the 
most  detailed  division  of  the  formation  that  we  have.  It  dwindles 
to  some  20  feet  around  Sebewaing  (Sec.  8,  T.  15  N.,  R.  9  E.).  As 
above  said,  I  believe  that  this  formation  in  its  sandy  phase  is  the 
Parma  sandstone,  and  we  have  not  been  able  to  follow  in  detail  the 
subdivisions  made  hy  Winchell.  It  is  a  good  source  of  water.  It 
is  the  equivalent  of  the  Maxville  limestone  of  Ohio,  which  has  been 
identified  with  the  St.  Louis-Chester  (or,  as  it  is  now  called,  the 
Kaskaskia),  as  is  evident  from  comparison  of  the  fossils  with  those 
of  Plates  IX  and  X  of  Whitfield's  paper,  on  the  Ohio  Subcarbonifer- 
ous.*  For  geographic  reasons  explained  a  page  or  two  beyond  I 
correlate  it  with  the  upper  St.  Louis,  as  long  ago  suggested  by  Win- 
chell  from  the  palaeontology.  It  is  also  equivalent  to  the  limestone  at 
Grand  Eapids,  as  is  evident  from  a  comparison  of  their  fossils.  The 
most  abundant  genera  are  Allorisma,  Lithostrotionf  and  Productus. 
Good  natural  exposures  are  found,  as  stated  by  Winchell  and  Rom- 
inger. 

It  is  liable  to  be  eroded  by  underground  water  channels,  which 
cause  sudden  drops  in  the  drilling,  as  at  Sebewaing,  Sec.  8,  T.  15  N., 
R.  9  E.  For  a  round  number^  near  the  maximum  we  may  call  its 
thickness  50  feet. 

§  4.  •  Michigan  series  (c,  2).$ 

This  group  of  rocks  is  in  general  soft  and  forms  valleys  in  the 
rock  surface,  as  we  see  from  the  map  (PI.  VIII),  and  is  therefore 
little  exposed.  Just  off  Oak  Point  and  near  Soule  the  lower  part 
of  the  formation  lying  on  the  more  resistant  sandstone  beneath  is 
brought  within  reach  of  erosion,  and  thus  exposed  to  daylight. 
Light  grey  and  greenish  shales,  very  fine  grained,  somewhat  sandy 
or  micaceous  and  pyritiferous,  predominate  but  at  various  levels  as 
around  Soule,  at  about  70  feet  above  the  coarse  underlying  Xapoleon 

♦Geology  of  Ohio,  Vol.  VII. 

tThe  Lithostrotion  and  Zaphrentis  have  already  been  figured  by  Romlnger,  Vol. 
Ill,  Plate  LV;  other  forms  will  be  illustrated  in  reports  on  ICent  county  and  Arenac 
county. 

tl  would  suggest  that  from  Winchell's  name  the  word  salt  be  dropped.  W^hile  the 
group  is  a  source  of  brines,  perhaps,  rock  salt  has  hitherto  been  found  in  it  only 
as  a  mineralogical  curiosity,  the  really  characteristic  mineral  being  gypsum.  More- 
over, as  there  is  no  other  group  of  strata  called  simply  Michigan  the  term  salt  Js 
unnecessary.  Finally  this  group  in  its  characteristic  gypsiferous  facies  occurs 
extensively  in  Michigan,  and,  so  far  as  we  know,  not  outside  the  State,  so  that 
the  name  Michigan  series  will  be  very  appropriate.  If  a  local  name  were  desirable 
the  town  of  Alabaster  has  best  claims  to  the  honor  of  naming  it. 
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sandstone,  occur  beds  of  impure  clayey  bluish  magnesian  limestone, 
weathering  buff,  which  closely  resemble  those  used  at  Milwaukee 
for  cement. 

Toward  the  bottom  of  the  series  (cf.  Dufty's  and  Sovereign's  wells 
in  Lake  township)  the  shales  are  darker  and  more  bituminous.  In 
the  shales  also  occur  lenticular  beds  of  gypsum,  which  is  white  when 
pure^  but  when  impure  bluish  and  hardly  to  be  distinguished  from 
shale.  About  80  to  120  feet  from  the  bottom  of  the  formation  and 
not  far  above  the  cement  rock  of  Soule  is  the  most  marked  gypsum 
horizon  (see  also  well  on  Sec.  36,  T.  17  N.,  R.  11  E.)  and  at  this  level 
and  a  little  higher  the  water  is  very  bad.  There  are  signs  of  an- 
other gypsum  bed  about  20  to  30  feet  below  the  top  of  the  shale. 
In  general  the  water  from  this  formation  is  scanty,  characteristic- 
ally highly  charged  with  sulphates,  and  often  cathartic,  or  almost 
too  salt  for  use.  Unfortunately  we  have  no  good  characteristic 
set  of  samples  from  the  thicker  part.  Bauer's  well.  Sec.  8,  Sebe- 
waing,  from  127  to  249  feet  and  Deeg's  well  on  Sec.  35,  Sebewaing. 
from  66  to  130  feet,  are  the  most  complete  records  we  have,  but  are 
from  its  thinner  part.  Collison's  well  (Sec.  14,  T.  16  N.,  R.  9  E.) 
probably  gives  only  the  lower  part,  while  it  is  probable  that  under 
Bayport  and  to  the  north  this  Michigan  series  is  two  hundred  feet 
thick  and  perhaps  a  little  more,  with  argillaceous  dolomitic  lime- 
stone at  the  bottom  and  about  one-third  the  way  up.  and  gypsum 
beds  halfway  up  and  also  less  marked  near  the  top,  being  thus  quite 
as  thick  as  at  Grand  Rapids.* 

The  base  of  the  Michigan  series  near  Soule  appears  from  the  wells 
to  be  of  micaceous  shales  like  those  in  the  Marshall,  while  near  Oak 
Point,  Rominger  describes  beds  like  the  Soule  cement  rock  directly 
above  the  sandstone.  Winchellf  seems  to  include  some  part  of  these 
micaceous  shaly  beds  in  the  Napoleon. 

The  general  correlation  of  this  group  we  can  fix  very  nicely  from 
geographical  considerations.  The  gypsum  beds  must  have  been 
laid  down  in  a  nearly  enclosed  sea.  Hence  the  adjacent  country 
must  have  been  out  of  water,  and  our  correlation  for  these  beds 
must  be  with  some  series  that  is  wanting  in  adjacent  regions.  Now 
in  just  the  proper  part  of  the  geological  column  in  Ohio  there  is  a 
group  which  is  wanting  in  northern  Ohio  and  southern  Michigan. 
"By  atrophy  or  overlap"  the  Logan  Group  "is  wanting  in  the  Cuy- 

*Vol.  V,  PI.  XXI. 

tAm.  J.  S.  XXXIII,  1862.  p.  353. 
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alioga  Valley,  or  is  at  least  very 
s|  inadequately  represented  there."* 
|m  Again  if  we  turn  to  Indiana  we 
|S'    flndf  that  the  Burlington  has  not 

been  satisfactorily  identified  in 
1 1  that  state.  In  each  case  the  miss- 
■g^    ing  part  of  the  column  lies  clor>p 

below  the  St.  Louis  and  Maxville 
^~  limestones,  respectively,  whicii  we 
§1    liave  identified  with  the  Bayport 

si  ?i 

|g    limestone,  and  so  to  anticipate  a 
si    little  we  suppose  that  the  general 
t\    continental  emergence  which  cul- 
i|    minated  in  the  heavy  sandstones 
S§    of  the  Catskill  in  New  York  and 
the  Napoleon  in  Michigan  (the 
1^    former  being  formed  before  the 
1^    latter,  as  the  shore  line  advanced 
11    west  and  the  emergence  progress- 
i|    ed)  finally  lifted  Ohio  and  Indiana 
If    largely  out  of  water,  while  part  of 
:Michigan  remained  as  a  closed 
basin  between  these  lowlands  to 
Ji^  the  south  and  the  great  mass  of 
land  to  the  northeast  and  (for  the 
ci^^-  indications   are  that  Wisconsin 
2^1  was  also  out  of  water)  northwest. 
°  il  In  the  sea  thus  enclosed  the  "Mich- 
||c  igan   Salt  Group"   was  formed, 
while  the  Logan  Group  formed  on 
l«i  the  other  side  of  the  low  land 
S'g'S  which  extended  through  northern 
^  §5  Ohio  and  southern  Michigan. 
S         Even  as  far  away  as  lowaj  there 
"f-Sl  are  corresponding  facts.    (Fig.  2.) 
"sl  "In  some  portions  of  the  Missis- 
sippi  basin  there  were  very  con- 
siderable alterations  in  the  coastal 


♦Geol.  Ohio.  VII,  p.  32;  cf.  also  pp.  510  and  515. 

tGeol.  and  N.  H.  Survey.  15th  Ann.  Report  State  Geologist.  1S85-6.  p.  12. 
tlowa  Geol.  Sur.,  I,  1892,  p.  66. 
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fontoui'of  this  broad  shallow  gulf  during  thelatter  part  of  theLower 
Carboniferous,  and  it  is  known  that  there  were  even  greater  changes 
in  the  coast  line  in  the  other  parts  of  this  region  during  the  same 
period.  During  tbe  Keokuk  the  waters  over  portions  of  Iowa, 
Illinois,  Missouri  and  Indiana,  became  greatly  diminished  in  depth, 
and  the  land  of  the  same  area  was  considerably  extended.  While 
the  St.  Louis  beds  were  being  deposited  the  sea  again  encroached 
upon  the  land,  extending  in  some  places  more  than  200  miles  north- 
ward, beyond  the  former  Keokuk  waters." 

This  is  illustrated  by  Fig.  2  and  is  in  complete  accord  with  what 
we  find  in  Michigan,  only  we  must  remember  that  the  effects  of  an 
elevation  of  the  Canadian  continent  would  be  felt  sooner  near  by  in 
Michigan  than  in  Iowa  farther  from  the  old  Laurentian  land  mass, 
and  the  effects  of  depression  later.  Thus  the  Bayport  limestone 
will  represent  the  farthest  extension  of  the  St.  Louis  depression. — 
the  top  of  the  St.  Louis, — while  the  beginning  of  the  Michigan  (Salt) 
Series  will  be  earlier  than  the  Keokuk.  In  other  words  the  Michi- 
gan series  is  closely  equivalent  to  the  Augusta,  i.  e.,  Burlington  and 
Keokuk  formations  which  ai'e  stratigrapliically  very  closely  allied.* 
The  pahneontological  evidence  sustains  this  conclusion.  (See  Chap- 
ter X,  §  4)  Its  thickness  is  not  out  of  harmony  with  our  conclu- 
sions, for  to  match  with  230  feet  of  the  Augusta  in  Iowa  and  150 
feet  of  the  Logan  in  Ohio,  we  may  estimate  the  thickness  of  the 
Michigan  group  from  the  Bayport  well,  at  232  feet. 

§  5.    Marshall  series,  (d) 

Beneath  the  cement  rock  series  comes  an  extensive  sandstone 
.series  which  forms  the  points  which  project  from  the  north  shore 
of  the  county  from  the  Babbitt  sandstone  quarries  (Lot  3,  Sec.  15, 
T.  18  X..  K.  11  E.),  to  the  grindstone  quarries.  Of  these  points  Hat 
Point,  Flat  Kock  Point,  and  Point  aux  Barques,  are  supposed  by 
Eominger  to  represent  the  same  horizon  (loo.  cit.,  p.  75),  while  Win- 
chell  supposes  a  general  descent  in  the  series  as  we  go  east.  The 
reasons  whj'  I  consider  Winchell's  conception  of  the  column  to  be 
more  nearly  correct  are  as  follows: 

The  coast  of  Huron  county  was  lined  with  saltworks,  supplied  by 
deep  wells  which  appear  to  have  drawn  their  brine  largely  from  the 
same  source,  namely  the  Berea  grit.  If  we  compare  the  depths  of 
these  wells  we  find  them  steadily  deepening  to  the  west  through  the 


*GeoI.  Sur.  Iowa,  •1892,  I,  p.  59. 
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disputed  area,  as  described  below  under  Chapter  V,  in  a  way  which 
does  not  seem  to  indicate  the  anticlinal  and  synclinal  supposed  by 
Rominger.  Moreover  we  can  trace  the  individual  beds  of  sandstone 
in  the  shallow  wells  for  water  until*  they  run  under  one  another, 
and  by  thus  showing  that  they  cannot  be  identical,  confirm  the  pre- 
sumption raised  by  the  salt  wells.  For  example,  the  heavy  sand- 
stones of  Flat  Kock  Point  and  Port  Austin  can  be  traced  in  wells 
and  by  outcrop  (Sec.  3,  Dwight,  T.  18  X.,  li.  13  E.j  to  Sec.  13,  Dwight. 
where  Robinson's  well  starting  at  their  outcrop,  runs  down  101  feet 
to  draw  its  water  supply  from  the  I'uint  aux  Barques  sandstone, 
which  can  be  similarly  traced  through  sections  22.  23,  26  and  35, 
Port  Austin,  T.  IS  X.,  R.  13  E.,  and  Sec.  1,  Dwight,  T.  18  X.,  R.  13  E., 
to  its  outcrop  on  >Vil]ow  River  (S.  28,  Huron  township). 

It  is  true,  indeed,  that  about  Hardwood  Point  abnormal  dips  to 
the  nortliea.st  and  ]((issibly  a  fault  an'  indicated,  and  a  much  greater 
maximum  thickness  for  ilic  .Marsliall  t^cries  must  be  allowed  than 
was  assumed  even  by  W'inchell.'''  Tlius  we  are  somewhat  puzzled 
I  where  to  put  the  base  of  the  .Marshall,  so  as  to  agree  best  with  his 
idea,  who  is  the  geological  sponsor  for  the  word.  He  speaks,  indeed, 
of  the  fossils  of  Hardwood  Point  (Sec.  35,  Port  Austin)  as  the  first 
undoubted  Marshall  fossils, f  and  in  the  same  report  describes  the 
"gritstones"'  and  grindstone  quarries  (p.  75)  in  connection  with  the 
underlying  shales  of  the  Huron  group.  On  page  80  he  alludes  to 
the  conglomerate  235  feet  below  the  top  of  the  Lower  Marshall  as 
containing  some  of  the  fossils  of  the  overlying  group,  and  in  the 
table  on  page  139  he  makt^s  this  conglomerate  the  base  of  the  Mar- 
shall and  separates  the  Xapoleon  from  the  Marshall,  placing  the 
former  in  the  Carboniferous,  the  latter  in  the  Devonian;  later,  how- 
ever, he  speaks  of  the  Marshall  as  "outcropi)ing  in  the  sandstone 
bluffs  of  Point  aux  Barques.t  and  on  his  map  and  in  his  fossil  lists 
and  publications  he  includes  in  the  Marshall  the  fossils  of  the  grind- 
stone quarries  of  the  Huron  gritstones.  If  we  put  the  base  of  the 
Marshall  at  the  base  of  the  Point  aux  Barcjues  sandstone  it  would  be 
the  best  place  to  have  it,  iii  order  to  make  his  statement  hold  true 
that  in  the  Marshall  brachiopods,  except  Rhynconella  arc  rare.  For 
immediately  below  comes  the  zone  of  [CamaroiachUi  R.]  cmnerifcni 
and  Romingerina  [Centronelhi]  julia,  crowded  with  brachiopods  and 

*Am.  Jour.  Sci.,  2d  Series,  Vol.  XXXIII,  1^62.  p.  333.  2P6  feet;  in  a  later  publication 
2S3  feet. 
^Report,  1S6(),  p.  SO. 
tWalling's  Atlas,  1S73,  p.  41. 

;i-i^T.  J  I. 
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with  a  differeut  t'auual  aspect  from  the  beds  above.  However,  inas- 
much as  Winchell  distinctly  includes  these  and  the  fauna  of  the  grit- 
stones,* among  his  Marshall  forms,  we  are  constrained  to  bring  the 
base  down  so  as  to  include  the'quarry  beds  around  Grindstone  City, 
with  the  associated  conglomerates. t 

These  gritstone  beds  moreover,  seem  in  their  outcrop  on  Willow 
Kiver  to  be  coarser  and  more  massive,  and  more  like  the  Point  aux 
Barques  sandstones  and  in  fossils  and  lithology  close  allies  of  the 
beds  above. 

Rominger  says  that  Winchell  put  the  base  of  the  Marshall  still 
farther  down,  just  above  the  conglomerate  that  underlies  the  light- 
house (loc.  cit.,  p.  lo).  This  does  not  appear  to  have  been  Win- 
chell's  view  for  we  have  not  only  his  maps  and  the  numerous  refer- 
ences already  given,  but  he  distinctly  says  (Proc.  Acad.  Xat.  Sci.. 
Phila.,  1862,  p.  406)  that  the  bed  in  question  is  intercalated  in  argil- 
laceous shales  of  the  Huron  group  and  excludes  the  fossils  thereof 
from  the  lists  of  Marshall  forms.  The  other  point  of  Eominger's 
criticism,  that  at  least  500  feet  of  rock  beds  below  this  horizon  pre- 
sent the  faunal  characteristics  of  the  Cuyahoga  shale  of  Ohio,  which 
forms  the  upper  division  of  the  Waverly  group  (Subcarboniferous) 
is  well  taken,  though  we  must  remember  that  Herrick  would  divide 
these  shales  and  assign  the  lower  part  of  them  to  the  Devonian. 
There  is  a  practical  advantage  in  drawing  the  line  where  we  do,  in 
that  it  may  be  more  easily  traced  in  the  well  records,  and  is  at  the 
same  time  of  more  practical  importance.  For  wells  into  the  Mar- 
shall as  thus  defined  are  pretty  sure  to  strike  good  water.  Limiting 
the  Marshall  thus,  it  is  at  maximum  360  feet  thick,  and  we  may  sub- 
divide it,  following  WinchelTs  earlier  work  into  Xapoleou  or  Upper 
Marshall  and  Lower  Marshall. 

§  6.    Xapoleon  or  LTpper  Marshall  sandstone  id  li. 

We  revive  this  term  from  Winchell's  report,  as  being  applicable 
to  this  county.t    The  Xapoleon  is  typically  a  white  sandstone 

*i.  e.  the  quarry  beds  below  which  were  in  his  time  on  Sec.  30.  T.  19  X..  R.  li  E.;  , 
cf.  Proc.  Acad.  Nat.  Sci.  Phila.,  1S62,  p.  305;  Am.  Phil.  Soc.  (1870),  Vol.  XII.  p.  386; 
Report  1S60.  p.  74. 

tAs  he  does  in  Am.  Jour.  Sci.,  1862,  2d  Series.  Vol.  XXXIII.  as  well  as  in  the  latter 

publications, 

tWinchell  seems  to  have  abandoned  it  in  1875.  The  reason  probably  was  that  not 
finding  in  the  deeper  wells  of  the  Saginaw  valley  any  well-pronounced  sandstone 
beneath  the  109  feet  from  633-712  feet,  he  concluded  as  suggested  on  p.  90  of  his  1860 
report  that  this  one  sandstone  represented  both  his  Napoleon  and  Marshall. 
Whereas  the  indications  are.  as  will  be  shown  in  the  chapter  on  Stratigraphy, 
that  the  lower  fossiliferous  Marshall  of  Huron  county  is  there  represented  by 
the  red  shales  beneath  the  sandstone  and  some  of  the  underlying  beds,  shown  in 
the  record  of  the  Bay  City  well  in  Vol.  V.  PI.  VI.  of  these  reports.  Winchell's  first 
thoughts  were  best. 
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though  often  with  a  faint  olive  or  greenish  cast.  In  well  samples 
it  is  frequently-  quite  pyritiferous,  and  to  the  pyrite  is  doubtless  due 
small  brown  mottlings.  which  appear  in  it  where  exposed  in  outcrop. 
Hat  Point  (Sec.  7,  T.  18  N.,  R.  12  E.)  seems  to  be  near  the  base  of  the 
formation;  if  so,  there  must  be  nearly  300  feet  of  sandstone  without 
important  interruption.  This  is  indicated  both  by  such  wells  as 
Mr.  Dufty's  on  section  :^2,  and  Lonsberry's  on  section  85  of  Lake 
(T.  18  N.,  R.  11  E.j.  and  by  the  considerable  breadth  of  its  outcrop. 
To  the  southeast  under  cover  its  recognizable  depth  rapidly  dimin- 
ishes to  somewhat  over  100  feet,  as  at  Bayport  (135  feet).  Pigeon 
(110  feet),  etc.  It  yields  an  ample  supply  of  fresh  water  when  prop- 
erly cased.  The  thickness  of  300  feet  above  mentioned  is  not  ob- 
tained directly,  and  may  include,  as  did  Winchell,  some  of  the  blu- 
ish micaceous  sandy  shales  which  we  have  estimated  in  the  overly- 
ing group.  Thus  it  is  probably  near  a  maximum,  but  implies  a  dip 
from  Hat  Point  to  Caseville  closely  in  accord  with  that  indicated 
in  other  ways,  as  shown  in  Chapter  V,  §  1. 
§  7.    Lower  :Marsliall  series,    (d  2.) 

This  group  is  in  rocks  and  fossils  a  transition  one,  and  varies 
from  point  to  point.  Lithologically  it  is  a  transition  from  the  heavy 
sandstone  overlying  to  the  heavy  shale  formation  underlying. 
There  are  three  prominent  types  of  rock: 

(a)  A  conglomerate  with  small  very  round  pebbles  of  white 
quartz,  and  a  copious  clayey  cement — the  same  material  as  types 
b  and  c — which  when  fresh  may  be  bluish  or  greenish,  but  is  reddish 
when  weathered.  The  rock  then  resembles  peanut  candy.  We  may 
call  it  peanut  conglomerate. 

(b)  A  fine  grained  bluish  sandstone  or  grit,  impregnated  with 
more  or  less  carbonates,  especially  of  iron,  and  thus  passing  into 
clay  iron  stone,  which  often  cements  the  sandstone  into  rounded 
balls  or  nodules.  When  weathered  they  become  very  rusty,  brown 
or  red. 

(c)  Bluish  micaceous  shale  which  may  be  very  clayey  (a  wide 
spread  lithological  type  in  the  middle  Kinderhook;  cf.  Missouri  Geol. 
Sur.,  Vol.  IV,  p.  51).  Gradations  and  interlaminations  of  these 
types  compose  the  whole  formation  which  has  a  characteristic  blu- 
ish to  greenish  gray  color  when  fresh  and  a  red  color  when  oxidized, 
and  is  throughout  quite  micaceous  and  ferruginous.  These  three 
facies  remind  one  of  the  Catskill.  Chemung  and  Portage  types  of 
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New  York  State.  The  uppermost  beds  of  the  group  we  find  on  the 
hill  back  of  Port  Austin  on  Sec.  31,  T.  19  X.,  K.  13  E..  luiderlving 
the  sandstone  which  caps  the  hill  and  is.  we  suppose,  the  base  of 
the  Napoleon  sandstone.* 

These  uppermost  beds  are  a  series  of  thin  bedded,  fine  grained 
flaggy  slabs,  greenish  when  fresh,  deep  red  when  weathered,  and 
contain  traces  of  crinoids,  and  lamellibranchs.  We  can  trace  them 
in  the  talus  around  and  down  the  hill  to  the  southwest,  and  on  the 
road  from  Port  Crescent  they  appear  somewhat  more  massive — prob- 
ably a  slightly  lower  horizon,  but  the  terrace  opposite  the  wave-cut 
bluff  along  which  the  road  runs  shows  a  fossiliferous  shingle  {Leiop- 
teria  torrriji,  PI.  XI,  Fig.  2)  like  that  on  the  hill.  Passing  next  to  the 
shore  we  find  a  heavier  sandstone  and  then,  some  70  feet  below  our 
assumed  top,  the  'rocks  of  Hardwood  Point,  on  Sec.  35,  T.  19  X.. 
K.  12  E.  These  are  calcareous  flags  with  Solens,  Goniatites  mar- 
shallensis,  Orthoceras  indianense,  Nuciilana,  and  other  character- 
istic Marshall  forms.  Close  beneath,  say  from  73-75  feet  below  the 
top,  the  rocks  become  shalier  and  very  micaceous  and  pass  into  a 
plastic  blue  shale,  then  becoming  sandier  and  more  charged  with 
carbonates  they  pass  into  a  series  of  flags  which  contain  a  fauna 
identical  with  that  of  Hardwood  Point,  and  in  streaks  contain 
abundantly  Solens  and  bryozoa,  and  lie  over  the  more  massive  sand- 
stones of  Flat  Eock  Point.  Xext  below  we  have  the  heavy  white 
sandstones  of  Port  Austin,  pure  or  with  small  quartz  pebbles,  highly 
crossbedded  in  two  or  three  layers,  the  cross  bedding  dipping  in  the 
top  layer  45°  toward  X.  38°  E.,  in  the  layer  back  of  Broken  Rocks. 
25°  toward  S.  10°  E.  and  around  Kimball  Island  northeast  again. 
Winchell  says  that  the  first  of  the  series  is  a  bluish  gray  sandrock 
12  feet  thick,  followed  by  a  whitish  and  grayish,  sometimes  yellow- 
ish, fine  grained  sandstone,  very  pure  and  massive,  occurring  in 
beds  10  to  12  feet  thick,  without  pebbles  or  seams,  and  moderately 
coherent.  The  sandstone  appears  fairly  white  and  clean  along 
shore,  but  from  some  outcrops  in  section  23,  Dwight,  of  coarse  red, 
friable,  highly  fossiliferous  sandstone  with  pectinoids,  Athijris  Cf. 
ohioensis  and  Centronella  flwa,  and  a  small  Schizodus  at  the  same 

»For  it  is  at  least  68  feet,  probably  more,  above  the  top  of  the  Skene  well.  Port  Austin, 
or  68+1225=  12i<3  feet  above  the  base  of  the  Berea.  Tbus  as  the  top  of  the  Napoleon  is 
about  1750—120=  1630  feet  above  the  bottom  of  the  Berea  in  the  Caseville  wells.  Sec.  35. 
T.  18  N.,  R.  10  E..  the  sandstone  is  not  probably  more  than  337  feet  below  the  top  of  the 
Napoleon  sandstone,  and  is  more  Ukely  to  be  somewhat  less,  thus  bringing  it  at  the  base 
of  that  formarion.  Moreover  its  topographic  position,  capping  the  hill,  makes  it  likely  to 
be  the  felic  of  a  heavy  overlying  protecting  formation. 
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horizon,  and  other  indications,  it  is  likely  that  this  pure  white  sand- 
stone is  only  the  result  of  leaching.  Its  total  thickness  seems  to  be 
somewhat  over  20  feet;  our  column  makes  it  extend  from  85-107 
feet  below  the  base  of  the  Napoleon.  The  Skene  well  apparently 
just  misses  it.  Just  beneath  it,  opposite  Point  of  Pines/and  rising 
into  sight  by  a  slight  undulation  to  the  east  of  Broken  Rocks  are 
some  thin-bedded  ripple-marl^ed  flags  with  a  narrow  band  of  peanut 
conglomerate,  which  are  the  first  beds  met  in  the  Skene  well.  We 
find  Goniatites  again  and  Rominger  says  Rhyncariella  camerifera 
(PI.  X,  Figs.  11  and  12).  The  beds  beneath  appear  to  be  fine  grained, 
not  porous  to  water,  and  soft  (not  resisting  erosion)  arenaceous 
shales,  the  only  somewhat  doubtful  exposure  being  along  the  beach 
toward  Point  aux  Barques  (Sp.  19204),  with  coaly  bits  of  vegetation 
and  lamellibranchs. 

The  picturesque  cliffs  of  Point  aux  Barques  are  the  outcrop  of  a 
sandstone  which  may.  upon  weathering,  become  white  and  indu- 
rated, but  is  then  probably  deprived  of  cement,  is  somewhat  green- 
ish and  pyritic  in  aspect,  and  in  tlie  lower  part  may  appear  red  and 
striped.  It  is  highly  cross-bedded,  and  that  fact  as  well  as  its 
general  aspect  is  well  illustrated  in  Plate  III. 

The  thickness  of  this  sandstone  may  be  taken  as  IS  feet,  say  from 
176*  to  194  feet  below  the  top  of  the  lower  Marshall.  Below,  the 
beds  become  gradually  thinner  and  finer  grained,  more  like  the 
grindstone,  with  no  sharp  break,  and  are  exposed  in  the  bluffs  just 
north  of  the  southeast  corner  of  Sec.  23,  T.  19  N.,  R.  13  E.,  until 
finally  we  have  a  little  blue  shale,  and  at  220  feet  from  the  top  of  the 
formationf  narrow  seams  of  calcareous  sandstone  covered  with 
Camarota'chia  (RJiynconella)  camerifera  and  Romingerina  {Centron- 
clla)  julia.  This  zone  is  found  just  north  of  the  road  running  north- 
west from  Grindstone  City,  at  1400  paces  north  and  900  paces  west 
of  the  southwest  corner  of  Section  26.  T.  19  N.,  R.  13  E.,  and  also 
on  Willow  River,  and  is  one  of  our  datum  zones.  Underneath  it 
come  slabby  micaceous  green  flags  and  grindstones,  with  blue  shale 
and  perhaps  streaks  of  limestone  for  some  15  feet  until  we  come, 
at  235  feet,  to  a  band  of  peanut  conglomerate,  probably  not  per- 
sistent, which  lies  on  top  of  the  present  grindstone  quarries  on 

♦From  the  Skene  well  105  feet  +  2.63  miles  at  2"  feet  to  the  mile  =  176  feet :  similarly 
from  the  Ciirrins-'ton  well  1330  feet-1198  feet  =  132  feet  —  9400  feet  distance  to  Carrin?- 
ton's  well  X  dip  of  27  feet  to  the  mile,  derived  from  comparing  Grindstone  Citv  with 
Port  Austin  wells  =  180  feet. 

t  From  the  Skene  well  105  +  4.3  miles  at  27  feet  dip  per  mile. 
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Sec.  23.  whence  come  the  famous  whetstones.  Fifteen  feet  below, 
outcropping  near  the  shore  at  Grindstone  City,  seems  to  be  another 
band,  similar  but  richer  in  fossils,  and  the  whole  thickness  of  the 
grindstone  beds  seems  to  be  about  25  feet,  making  the  thickness  of 
the  whole  ^larshall  as  we  have  taken  it  560  feet.  These  last  twenty- 
five  feet  are  generally  very  even  grained,  and  not  generally  cross- 
bedded,  though  occasionally  that  defect  appears  and  injures  the 
quality  of  the  stone.  Sometimes  calcareous  concretions,  i.  e..  con- 
cretions of  sandstone  more  firmly  cemented  with  carbonates  of  cal- 
cium and  iron  occur,  in  which  fossils,  especially  Goniatites,  may  be 
found.  Fish  fragments,  both  teeth  and  bones  and  spines  are  fre- 
quent and  the  surface  of  occasional  seams  is  strewn  with  small  frag- 
ments of  woody  matter  turned  into  coal,  and  of  fish  teeth,  which  are 
also  blackened. 

The  formation  as  defined  is  prevailingly  sandy,  while  the  one 
subjacent  is  prevailingly  shaly.  Bits  of  land  plants,  beachworn 
and  battered  shells.  Solens  and  lamellibranchs  generally,  indicate  a 
littoral  facies. 

The  correlation  of  the  Marshall  has  been,  as  previously  noted,  the 
subject  of  much  discussion.  A  list  of  WinchelPs  papers  has  been 
already  given^  and  he  gives  an  elaborate  account  of  the  bibliography 
up  to  his  time,  in  the  article  in  Vol.  XI  of  the  Proceedings  of  the 
American  Philosophical  Society  already  referred  to.  Eominger.  as 
we  have  said,  refuses  to  attempt  any  very  exact  correlations,  and 
raises  objections  to  those  of  Winchell.  These  objections  are  in  part 
well  founded,  but  in  part  he  mistakes,  it  seems  to  me,  the  drift  of 
the  argument  in  Winchell's  mind.  Winchell  appears  to  me  not  so 
much  concerned  to  disprove  the  Carboniferous  character  of  the  for- 
mation underlying  the  Marshall,  as  he  is  to  reclaim  at  least  the  Mar- 
shall for  the  Carboniferous.  Late  researches  would,  however,  draw 
the  line*  nearly  where  Winchell  drew  it.  Eominger  adduces  two 
arguments  against  dividing  the  Marshall  from  the  underlying  and 
assigning  the  former  to  the  Carboniferous,  and  the  latter  to  the 
Devonian.!  The  first  argument  which  is  the  conformity  of  rock 
material  and  stratification  which  he  cites,  though  true,  is  not  suffi- 
cient, for  we  know  that  in  many  parts  of  the  Mississippi  basin,  there 
is  a  perfect  conformity  between  the  Devonian  and  Sub-carboniferous 
(Mississippian).    The  second  argument  that  the  underlying  forma- 

*C.  L.  Herrick  (Geol.  Ohio.  VII.  p.  510  et  seq.). 
tLoc.  cit.,  p.  75. 
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tion  presents  the  faunal  characters  of  the  Cuyahoga  shales  of  Ohio 
is  also  true,  but  its  weight  will  depend  upon  the  ultimate  disposition 
of  these  shales.  The  latest  Missouri  reports  assign  what  used  to 
be  termed  Lower  Kinderhook  to  the  Devonian.  The  more  impor- 
tant recent  papers  for  Ohio  are  by  Herrick.* 

We  find  that  Herrick  subdivides  the  old  Waverly,  and  assigns 
part  to  the  Devonian,  and  part  to  the  Carboniferous.  We  are  able^, 
I  think,  to  make,  with  the  help  of  Mr.  W.  F.  Cooper,  his  former 
assistant,  close  correlations  with  his  zones, f  and  thus  so  determine 
our  strata,  that  whenever  the  line  between  the  Devonian  and  Car- 
boniferous shall  be  finally  fixed  in  Ohio,  which  is  a  question  for  the 
general  palteontologist,  it  may  be  easily  extended. 

Our  section  is  more  complex  and  thicker  than  his,  and  he  men- 
tions that  the  fauna  of  the  first  fifty  feet  of  the  shale  below  his  con- 
glomerate I  contains  many  Michigan  Marshall  forms^  though  his 
list  of  freestone  fossils  seems  more  akin  to  ours,  even  to  those  of 
the  C.  (R.)  camerifera  zode.  His  next  fauna  is  obtained  largely  from 
calcareous  nodules  in  the  Cuyahoga  shales,  some  seventy  feet  more 
or  less  below  his  Conglomerate  I  and  contains  a  Prcetus  missour- 
iensis  found  at  the  Point  aux  Barques  lighthouse,  numerous  Spiri- 
fers  and  an  assemblage  Devonian  in  habitus,  compared  with  those 
above. J  This  lighthouse  stratum  we  make  to  be  some  175  feet  more 
or  less  below  the  bottom  of  the  Marshall  or  about  twice  as  far  down 
as  the  nodule  band  in  Ohio,  but  the  whole  formation  down  to  the 
Berea  black  shale  we  find  to  be  thicker  (868  feet)  than  in  Ohio  (Geol. 
Ohio,  VII,  p.  32;  300  or  400  feet  thick),  in  about  the  same  proportion, 
so  that  the  base  of  our  Marshall  might  perhaps  be  coeval  with  Her- 
rick's  base  of  Division  II,  though  the  Schizodus  zone  of  the  light- 
house fauna  is  more  like  that  of  the  Waverly  freestone  as  a  whole, 
and  Mr.  Cooper  takes  the  lighthouse  conglomerate  to  be  Herrick's 
No.  I. 

Concerning  the  climate  of  the  Marshall  as  thus  defined  we  may 
note,  somewhat  in  contrast  to  the  group  lying  immediately  above, 
that  the  abundance  of  mica  and  sand,  feldspar  and  small  pebbles, 
shows  rapid  land  waste  and  rock  decay  while  the  abundant  bits  of 
vegetation  show  that  there  was  abundant  plant  life.    Both  facts 

*Geol.  Ohio,  1893,  VII,  p.  495,  et  seq.,  summarizing  papers  in  the  Bulletins  of  Deni- 
son  University,  American  Geologist,  and  American  Geological  Society.  See  also 
Bulletin  No.  80,  U.  S.  G.  S.,  Correlation  Papers,  Devonian-Carboniferous,  by  H.  S. 
Williams. 

tSee  Chapter  X. 

tThis  fauna  has  been  recognized  by  W.  F.  Cooper  at  Rock  Falls  with  the  char- 
acteristic nodules. 
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point  to  a  relatively  humid  climate.    The  abundance  of  iron  suggests 
that  the  land  waste  was  from  a  region  full  of  basic  rocks. 
§  8.    Coldwater  shales,    (e,  1) 

The  term  Coldwater  is  nearly  equivalent  to  Winchell's  Chemung 
shales  and  to  the  Cuyahoga  of  Ohio,  but  as  the  Xew  York  and  Ohio 
names  are  receiving  remodelling,  it  may  be  well  to  cling  to  the  name 
used  in  Vol.  V.  a  while  longer.  Lithologically  it  corresponds  to  the 
Portage  shales,  for  as  the  formation  above  is  prevailingly  sandy 
though  with  occasional  minor  streaks  of  blue  shale,  so.  conversely, 
this  formation  is  prevailingly  blue  shale,  with  occasional  streaks  of 
sandstone,  not  generally  very  persistent  nor  coarse,  and  when  struck 
under  cover  salty.  Hence  as  a  recent  well  in  Grindstone  City 
shows,  not  much  water  can  be  obtained  from  it.  The  base  of  the 
bluffs,  south  of  the  old  grindstone  quarries  on  Sec.  30.  T.  19  X..  R.  14, 
shows  the  top  of  these  blue  shales.  After  about  30  feet  the  forma- 
tion is  sandier,  as  found  at  the  top  of  the  Xew  River  well.*  These 
flags  also  seem  to  form  the  crest  of  the  bluffs  south  of  Huron  City. 
AVe  seem  to  trace  this  horizon  in  the  Port  Austin  well  at  204  feet 
depth,  which  our  computations  make  49  feet  below  the  top  of  this 
group.  Of  these  sandier  beds  there  are  according  to  the  Eagle  Bay 
well  (Sec.  2.3,  T.  19  X..  R.  13  E.),  some  24  feet,  according  to  Rominger 
some  20  feet  on  the  hill,  and  then  we  get  blue  clay  shale  again. 
Rominger  recognized  (XKCula)  huhhardi  therein.  Willow  Creek, 
at  Huron  City,  exposes  a  section  about  89  feet  below  the  top  of  the 
Coldwater  formation.f 

The  lower  part  is  blue  shale  with  compressed  lamellibranchs. 
while  the  upper  part  has  .several  sandier  seams  of  dark  greenish  blue 
flags,  which  .show  their  high  per  cent  of  carbonates  of  iron.  etc.. 
by  weathering  very  rusty.    We  measure,  beginning  at  the  top:— 

6  inches,  dirt; 


*I75n— 1029=41  feet;  by  the  Eagle  Bay  well.  Sec.  23.  T.  19  N..  R.13  E..  54-78  feet  below 
surface  is  prindst.one. 

tin  niacin?  this  section  at  this  point  in  thp  column  some  account  is  taken  of 
altitude,  and  a  dip  is  assumed  of  5.5  feet  to  the  mile  for  a  strike  of  N.  26°  W..  which 
dip  is  derived  from  comparing  Grindstone  City  and  Port  Hope  wells.  The  strike 
is  probably  veering:  more  to  the  north  and  the  dip  is  less  in  proportion,  but  so 
long  as  we"  compare  two  points  whose  distance  apart  along  the  strike  is  not  large 
relative  to  their  distance  at  right  angles  thereto,  the  error  involved  will  not  be 
great,  and  checking  up  on  the  (Cmtron'-lln)  Rnmiiiqrfiiia  julin  zone  where  it 
crosses  Willow  Creek— it  is  found  near  by  in  the  bottom  of  a  well.— we  have  the 
position  of  the  Huron  City  outcrops  in  the  geological  column  thus  determined:  220 
(the  depth  of  the  Itnmiuqn  'uxii  julin  zone  below  the  top  of  the  Lower  Marshall)— 
(1.4  miles  which  is  the  iiistance  perpendicular  to  the  strike  from  the  outcrop  of 
Romingtiinn  julin  on  Willow  Creek  to  the  Huron  City  bridge  outcrop  X  55  feet  per 
mile  dip)— (the  difference  in  altitude  above  lake  of  the  two  outcrops  just  mentioned, 
viz.  60— 10)— 260  (which  is  the  thickness  of  the  lower  Marshall)  =  S7  feet  for  the  dis- 
tance of  the  section  above  mentioned  below  the  bottom  of  the  Lower  Marshall, 
which  checks  very  well  with  other  computations. 


(ieological  Surveyor  .Mii-liigaii  Vol.  VII  I'ait  11  (Huron  County)  Plate  111 


PLATE  III. 

Illustrates  the  appearance  and  cross  bedding  of  the  Lower  Marshall  sandstone  at  Point  Aux  Barques:  also 
the  undercutting  action  of  the  waves  and  formation  of  caves. 
(Reproduced  through  the  courtesy  of  the  F.  &  P.  M.  R.  R.) 
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8  inches,  red  sandstone  seam,  with  Rhynconelhi,  Sp.  19036.  Pro- 
ductus.  and  Pleurotomaria,  Sp.  19039,  etc.; 
3  inches,  barren; 
6  inches,  sandy; 

3  feet  blue  sbale,  sparingly  fossiliferous;  Sp.  19043; 
2  feet  blue  shale;  no  fossils  found. 

Below  we  have  arenaceous  shales  with  small  seams  of  sandier 
nature,  fairly  continuously  exposed  until  we  come  to  the  section 
given  below  at  the  bluffs  south  of  the  lighthouse  (Fig.  5).  I  take 
my  section  about  where  the  east  line  of  Sec.  11,  T.  18  N..  R.  14  E.. 
strikes  the  bluff,  Winchell  gives  slightly  different  measurements, 
and  his  section  may  have  been  taken  somewhere  else.  Moreover  40 
years  has  doubtless  made  a  difference  in  the  bluffs,  but  both  sections 
agree  in  giving  an  intermediate  portion  with  a  number  of  seams  of 
sandstone  up  to  two  and  three  feet  thick,  w'hile  blue  shales  lie 
above  and  below.  I  consider  my  section  of  32  feet  to  be  from  lofi 
to  188  feet  below  the  top  of  the  group  as  follows:* 

A.  11  feet,  3  inches,  blue  shale; 

B.  3  inches  narrow  band  of  calcareous  sandstone,  brown  in 
weathering; 

C.  3  feet  blue  sandy  shales; 

D.  14  feet  6  inches  to  14  feet  10  inches;  a  compact  brown  very 
fossiliferous  sandstone,  the  Schizodus  sandstone,  which  seems  to  be 
the  principal  source  of  the  extensive  fauna  here  collected,  Sps.  Xos. 
19044-19067;  at  170  feet  from  the  top  of  the  group; 

E.  1  foot     inches,  blue  shale; 

F.  From  16  feet  1  inch  to  19  feet  9  inches,  the  main  bed  of  sand- 
stone, conglomeratic  (pebble  of  coal!),  pyritic,  especially  the  top 
which  is  almost  a  solid  layer  of  pyrite,  enclosing  and  replacing  many 
fossils;  at  times  very  calcareous,  and  again  appearing  as  a  white 
sandstone,  the  pebbles  appearing  as  small  rounded  grains  of  quartz. 
Sp.  19074  shows  the  pyritic  faeies,  and  Sp.  19068  the  conglomerate, 
and  Sp.  19073  the  sandstone  facies;  from  173  to  176  feet  from  the 
top  of  the  group; 

G.  About  12  feet  of  blue  shale  to  188  fe^t  below  base  of  Mar- 
shall; fossils  very  rare,  but  occasional  Producti,  and  Spirifers.  and 
minute  forms,  (?  trilobite  larvje)  are  to  be  seen,  as  illustrated  bv 
specimens,  Nos.  19076-19084.    We  may  compare  the  fauna  with  that 

*From  Bomingerina  julia  zone  (3.0.5  miles  x  55  feet  deep  =  168)  -l  220  +  60  (altitude  of 
RominKerina  zone)  —260  =  188.  Compare  Port  Austin  336-1-  105  —  260  =  181  and  Casevillc 
800  to  900  -  120  -  560  =  120  to  220.  ,  v^a!.eviiie 

4^Pt.  it. 
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of  the  Romlnfjciina  jidUt  zone.  etc..  and  find  corresponding  forms  - 
but  in  the  upper  zone  ther  are  all  smaller. 

Winchell's  section  is  given  on  page  75  of  the  1860  report. 

Though  this  stratum  is  so  thin,  the  richness  of  its  fauna,  and  its 
apparent  persistence  and  thickening  under  cover,  if,  as  seems  prob- 
able, it  is  the  same  as  that  found  at  336  feet  under  Port  Austin,  and 
somewhere  between  750  and  800  feet  under  Caseville,  in  which  event 
it  is  very  likely  still  more  widely  recognizable.*  make  it  important, 
and  suggest  its  correlation  with  one  of  Herrick's  zones,  viz.:  Con- 
glomerate I. 

Below  this  the  formation  grows  more  and  more  shaly.  with  fewer 
sandy  streaks.  The  outcrops,  along  shore  and  south  of  the  mill 
at  Port  Hope,  of  sandy  shales,  with  a  fauna  like  that  at  Sand  Beach 
seem  to  be  about  283  feet  from  the  top  of  the  formation,  and  a 
greenish  micaceous  sandstone  found  at  16  feet  depth  in  the  Port 
Hope  well  may  be  at  299-305  feet  from  the  top  of  the  formation. f 

We  may  place  the  horizon  of  the  top  of  the  Sand  Beach  well  near 
400  feet  below  the  top  of  the  Coldwater.i 

At  about  this  point  in  the  column  are  the  greenish  and  bluish 
micaceous,  more  or  less  sandy,  shales  of  the  creeks  near  Sand  Beach 
with  Chonetes  mentioned  by  Kominger,  (scituliis?  apparently  pul- 
chella  Win.)  and  a  little  lower,  454  to  464  feet  below  the  base  of 
the  Marshall,  the  section  of  similar  shales  and  shaley  sandstones 
with  Chonetes,  Goniatites  and  a  Conularia  at  Rock  Falls  may  be 
placed.  Similar  sections  are  exposed  respectively  one  mile  and  4 
miles  farther  south.  This  is  correlated  by  Mr.  W.  F.  Cooper  with 
the  Moots  Run  section  of  Ohio.  The  fauna  all  along  the  east  shore 
seems  identical,  the  Chonetes  being  the  most  abundant  form.  The 
top  of  the  White  Rock  well  must  correspond  to  about  505  feet  of 
the  section, §  and  this  determines  the  approximate  place  of  the  clay 


•Vol.  V,  Pt.  II,  p.  20. 

tl'50  — 78T  -  6X0  =  283.  or  1680  —  716  —  6P0  =  284.  comparing  the  Port  Hope  and  Caseville 
wells,  or  comparins  the  Port  Hope  and  New  River.  1029  —  787  -4-  41  —283.  in  each  case  —  16 
feet  for  depth  in  well. 

IThe  reports  as  to  the  depth  of  the  Berea  in  this  -n-ell  vary  a  good  deal:  a  place 
for  the  top  of  the  well  36S  feet  below  the  base  of  the  Marshall  is  obtained  by 
correlating  702  feet  Sand  Beach  well  with  1750  feet  Caseville.  "Wright's  figures,  715, 
would  give  355.  Similarly  correlating  Port  Hope  716  with  633  of  Sand  Beach  gives 
366  feet,  or  with  603  feet  gives  ,"'96  feet,  while  comparing  7S7  with  664  would  give 
406  feet.  6S4  feet  seems  to  be  the  more  precise  figure  for  the  depth  of  the  base  of 
the  sandstone  in  the  Sand  Beach  well,  which  would  make  the  horizon  of  the  well 
406  feet  down  in  the  coldwater  shales,  but  it  is  doubtful  if  in  other  wells  some  10 
feet  or  so  below  the  sandstone  has  not  also  been  included  in  the  depth. 

§The  depths  to  the  different  horizons  in  this  well  are  also  variously  given.  We 
correlate  the  bed  at  555.  White  Rock,  with  that  at  664.  Sand  Beach,  making  the 
former  109  feet  the  lower.  If  the  depth  should  more  correctly  be  550.  White  Rock, 
we  should  have  the  top  of  the  White  Rock  114  feet  below  the  top  of  the  Sand  Beach 
well  and  correlating  the  top  of  the  Berea.  450  or  495.  with  633.  of  Sand  Beach,  we 
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bluffs  of  arenaceous  sliale  to  tlie  south  with  the  indistinct  casts  of 
fossils — Goniatites  and  the  like, — which  were  mentioned  by  Komin- 
ger.  To  our  search  they  were  unfossiliferous  and  well  exposed  in  a 
stream  bed.  They  look  as  though  they  would  make  good  cement 
clays.*  The  well  at  Forestville,  about  two  miles  south  of  the  county 
line,  encounters  the  Berea  at  465-505  feet  down  and  hence  its  top  may 
be  placed  at  a  horizon  about  555  feet  below  the  top  of  this  group. 
But  the  blue  arenaceous  shales  continue  without  material  change 
until  within  some  100  feet  of  the  Berea  grit  and  hence  are  the  lowest 
rocks  outcropping  in  the  county.  The  rest  of  the  column.  Plate  I. 
is  only  struck  in  the  deeper  wells,  but  to  get  the  full  thickness  of 
these  bluish  green  shales  we  must  add  to  the  .396  feet  above  the 
Sand  Beach  well.  500  feet  more  recorded  in  the  upper  part  of  that 
well,  making  S96  feet.  Lithologically  the  rock  is  equivalent  to 
the  Cuyahoga  group  of  Ohio  and  the  shales  of  Branch  county  in  this 
State,  and  is  the  counterpart  of  the  Portage  group  of  Xew  York, 
with  its  sandier  beds  above  and  black  shales,  etc.,  below,  but  lying 
farther  westward  it  doubtless  represents  a  later  time  when  the  Mich- 
igan part  of  the  continent  was  undergoing  a  similar  stage  of  develop- 
ment to  that  which  occurred  earlier  in  New  York. 

§  9.    Formations  not  exposed  at  surface.     JJerea  shale  (e,  2). 

The  Sand  Beach  well  gives  from  000-60.3  feet  as  black  shale,  with 
a  few  feet  more  of  transition,  above  tlie  Berea  grit.  The  "rotten 
bad-smelling  soft  rock"  from  800-900  feet  of  New  River  doubtless 
represents  the  same  horizon,  and  the  dark  blue  shales  of  Port  Hope, 
from  533  feet  down,  and  the  40  feet  of  chocolate  colored  shales  above 
the  Berea  in  the  Port  Austin  well  may  mark  the  same  horizon.  In  the 
Caseville  wells  it  is  not  reported,  but  should  come,  according  to 
our  data,  from  1548  feet  down  to  the  Berea.  say  102  feet.  This  is 
probably  rather  more  than  it  really  is.  thongli  it  doubtless  exists 
there,  for  we  find  it  recognizable  in  Bay  City.  But  the  less  we 
make  it,  the  more  we  must  make  the  overlying  Cuyahoga. 

Berea  grit  (f  )• 

It  will  be  noticed  that  we  assume  this  famous  producer  of  oil  and 
gas  and  brine  to  have  been  struck  in  almost  all  the  wells  that  have 
been  put  down  for  salt,  and  from  it  we  have  computed  our  funda- 

have  similarily  117  feet  or  183  feet  for  the  difference  in  horizons  between  the  tops 
of  the  wells,  while  a  correlation  with  the  Ijed  at  1225  of  the  Port  Austin  well  of 
the  bed  ftt  555  feet  at  White  Rock,  would  give  the  top  of  the  White  Rock  well  as  142 
feet  below  the  horizon  of  the  Sand  Beach. 

*See  Vol.  Vtl.  Part  1.  by  H.  Ries.  for  views  of  and  reports  of  tests  on  these  clays.  . 
See  also  Part  III  of  this  volume,  on  Sanilac  county.  Plate  III. 
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mental  dips.  That  we  are  justified  in  correlating  the  wells  in  this 
way  is  shown,  (1)  in  some  cases  by  tlie  correspondence  of  other  strata, 
the  Berea  shale,  the  lighthouse  sandstone  horizon,  etc.,  (2)  by  the 
correspondence  in  the  character  and  thickness  of  the  rock  itself, 
which  has  been  so  repeatedly  pierced,  at  such  short  intervals  that 
there  can  be  hardly. a  chance  for  it  to  escape,  as  shown  by  the  follow- 
ing succession: 

Forestville.  465-505 ; 

White  Kock,  495-555 ; 

Harbor  (Sand)  Beach.  60;V664?; 

Port  Hope,  716-787; 

New  River^  929-1029 — (well  penetrates  the  shales  a  few  feet); 

Grindstone  City,  1010-1080; 

Carrington,  Port  Austin.  1198  aiOO-1200); 

Learned.  Port  Austin.  llGO-1225  (well  penetrates  the  shales  a  few 
feet) ; 

Hazard,  Port  Crescent, — 1250; 

Crawford,  Caseville,  1650-1750  (the  figures  for  the  base  at  Caseville 
vary  from  1735  to  1770); 

Bayport,  1900  +  ?  (not  reached). 

(3)  We  have  also  the  indirect  but  most  convincing  argument  that 
the  assumption  of  this  continuous  stratum,  makes  all  the  other  wells 
and  outcrops  fall  into  place  as  a  consistent  whole,  while  the  dips 
derived  from  this  correlation  check  with  those  derived  indepen- 
dently. (4)  The  quality  of  the  brine  is  uniformly  better  than  in 
strata  above  or  below. 

The  rock  is  almost  invariably  reported  as  a  white,  gray  or  brown 
saudrock  with  a  plentiful  supply  of  brine.  The  more  reliable  meas- 
urements show  a  thickness  less  than  100  feet,  but  so  near  it  that  in 
round  numbers  that  figure  is  generally  given.  We  make  it  in  our 
column  70  feet. 

Only  three  wells  have  penetrated  deeper  than  this  stratum. 
From  the  Caseville  well  all  we  learn  with  any  degree  of  certainty 
is  that  between  2200  and  2300  feet,  most  probably  at  about  2270  feet, 
it  struck  another  brine  more  impure  than  the  one  they  had  been 
using.  The  chances  are  that  this  is  in  the  top  of  the  Traverse  or 
Hamilton  group.  So  we  continue  our  column  with  the  aid  of  the 
Harbor  (Sand)  Beach  well. 


GEOLOGIC  A  L   CO  L IMN. 


29 


Ohio  shale  (Saint  Clair,  Huron  black,  or  Black).  .  (g) 
(1.)  Bedford  shale.  Below  the  Berea  we  have  in  the  Sand  Beach 
record  186  feet  of  light  colored  shale.  In  the  White  Rock  record, 
however,  there  is  given  a  three  foot  stratum  of  gaseous  black  shale, 
which  if  we  take  it  to  be  the  Cleveland  shale  would  tjaen  leave  about 
fifty  feet  above  it  to  be  assigned  to  the  Bedford.  This  we  will 
according!}'  do,  and  this  thickness  corresponds  very  well  to  that 
assigned  to  the  Bedford  shale  by  the  Ohio  geologists, 
(g  2.)    Cleveland  shale. 

The  narrow  belt  of  gaseous  black  shale  of  three  feet  between  600 
and  610  feet,  in  the  White  Rock  record  is  at  the  proper  place  in  the 
column  for  this  shale. 

(g  3.)    Erie  shale. 

The  underlying  light  colored  shales,  for  the  remainder  of  the  186 
feet  (186  —  53  =  1.33)  through  which  they  occur  in  Harbor  Beach 
well,  may  be  assigned  to  the  Erie  .shales,  being  of  the  proper  color 
and  position.  It  is  highly  probable,  however,  that  these  alterna- 
tions of  blue  and  bituminous  shales  are  very  inconstant.  Still,  the 
Bay  City  record  shows  a  somewhat  similar  group  in  a  similar  place. 

(g  4.)    Huron  shale. 

The  next  270  feet  from  850-1120  of  the  Harbor  Beach  well  is  said 
to  be  a  dark  brown  or  black  slate,  which  corresponds  A-ery  closely  to 
Newberry's  Huron  shale,  is  the  great  Devonian  Black  shale,  and  is 
one  of  the  most  widespread  of  lithological  datum-planes. 

Traverse  group  (h). 

We  next  have,  from  1120-1725.  some  605  feet  of  light  slate  or 
"soapstone,"  i.  e.-.  calcareous  shales,  with  15  feet  of  extremely  hard 
rock  at  1400  feet.  This  appears  to  be  the  Traverse  group,  whicb 
has  already  thickened  enormously,  judging  purely  by  lithology,  from 
what  it  is  in  the  southern  part  of  the  state,  but  this  thickening  is 
a  characteristic  of  our  column  generally.  Somewhere  in  this  series 
which  is  456  feet  and  more  below  the  Berea,  the  deepest  Caseville 
well  may  be  supposed  to  obtain  part  of  its  brine. 

At  1400  is  a  belt  of  extremely  hard  rock,  probably  a  cherty  lime- 
stone, possibly  a  pyrite  nodule,  a  premonition  of  what  we  are  to 
find  below.* 


*The  "grranite"  in  the  ChurchiU  well  at  Alpena,  from  Ho-loo  feet  down,  seems  to 
correspond.    It  may  be  the  horizon  of  the  Encrinal  limestone. 
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Helderberg  liiiiestoues  (i,  j). 

At  1725  feet  we  seem  to  have  reached  that  series  of  limestones 
which  lie  at  the  base  of  the  Devonian  and  top  of  the  Silurian.  At 
1844,  119  feet  below,  where  it  seemed  to  be  lime  and  sand  mixed, 
we  may  possibly  be  near  the  horizon  of  the  Oriskany  or  perhaps  the 
Sylvania  sandstone,  but  the  limestones  were  penetrated  86  feet  far- 
ther down,  to  1920  feet,  the  rock  growing  coarser,  dolomitic  ( ?).  If 
we  may  venture  a  prediction,  some  500  feet  farther  down — 2400  feet 
— would  cari-y  the  Harbor  Beach  boring  well  down  to  the  rock  salt 
formation  struck  in  the  deep  wells  at  Goderich,  Canada,  and  in  the 
deep  wells  of  the  Saint  Clair  River.  It  would  probably  be  not  less 
than  1300  feet  farther  down  to  the  Trenton.  We  thus  finish  our  geo- 
logical column,  or  account  of  the  rocks  of  the  county  in  descending 
order.  It  may  be  remarked  in  conclusion,  that  since  the  thickness 
of  the  beds  varies  from  point  to  point,  no  such  column  is  exactly 
accurate  anywhere.  We  have  tried  to  make  ours  fit  as  closely  as 
possible  to  the  section  as  it  might  be  found  by  a  shaft  at  Caseville. 
It  must  be  remembered,  however,  that  for  the  Marshall  and  the  for- 
mations generally  the  coast  of  the  adjacent  land  was  to  the  north- 
east, so  that  as  we  go  to  the  southwest  there  will  be  less  variety 
and  in  general  less  thickness  to  any  division  of  our  geological  col- 
umn. 

The  plate  of  our  Geological  column.  Plate  I.  which  may  be  com- 
pared with  Plates  YI  and  LXXIII  of  Vol.  V,  and  uses  the  same 
symbolism  for  the  lithological  character  of  the  beds,  is  constructed 
by  combining  the  record  of  the  Sand  Beach  well  below  the  Berea, 
with  that  of  the  Caseville  well,  filled  in  with  local  observations,  as 
far  up  as  it  goes,  then  using  the  record  of  the  Bayport  quarry's  deep- 
est boring,  and  finally  that  of  the  Bauer  well  at  Sebewaing.  thus 
covering  the  whole  of  the  column  in  as  great  detail  as  possible,  con- 
sistent with  any  accuracy  in  summation.  It  is  obvious  in  construc- 
ing  the  column  in  this  way  that  if  for  instance  we  have  overesti- 
mated the  thickness  of  the  Napoleon  sandstone  beneath  Caseville, 
we  shall  have  to  increase  some  other  formation  by  the  amount  that 
this  sandstone  is  in  excess  and  similarly  in  other  cases. 


CHAPTER  III 


PHYSICAL  GEOGKAPHY  OF  HURON  COUNTY. 

§  1.    Introduction.    Relation  of  physical  geograplij  and  geology. 

Physical  geography  and  geology  are  kindred  sciences,  in  fact 
inseparable.  Physical  geography  is  the  geology  of  the  present, 
while  one  branch  of  geology  is  tlie  physical  geography  of  the  past. 
But  as  the  biography  of  a  man  usually  and  rightly  begins  witli  some 
account  of  his  ancestors,  so  we  can  only  understand  physical  geog- 
raphy rightly  when  we  have  some  idea  of  the  origin  of  the  present 
forms  of  the  earth's  surface.  On  the  other  liand  we  use  the  present 
as  the  key  whereby  we  may  unlock  the  past.  One  of  the  marked 
features  of  the  last  decade  is  the  expansion  of  the  science  of  physical 
geography  under  the  influence  of  geological  ideas,  and  a  correlative 
development  of  geology,  which  now  endeavoi  s  lo  icad  the  history  of 
the  carving  of  the  land  surfaces  of  the  earth,  as  well  as  the  history 
of  the  filling  up  of  its  sea  bottoms.  No  farther  apology  is  needed 
for  introducing  some  account  of  the  physical  geography  of  Huron 
county  into  this  report.  1  trust  it  may  aid  the  teachers  of  the 
county  to  make  their  instruction  more  real  by  the  introduction  of 
familiar  illustrations. 

We  have  already  described  the  general  location  of  Huron  county 
as  lying  at  the  end  of  a  peninsula,  bounded  on  the  one  side  by  Sagi- 
naw Bay  and  on  the  other  by  Lake  Huron  (PI.  VIII).  The  effect  of 
the  neighborhood  of  so  much  water  in  mollifying  the  climate  is 
plainly  to  be  noticed.  This  advantage  it  shares  with  Michigan 
generally  and  the  subject  has  been  quite  fully  developed  by  A. 
Winchcll.*  llis  cliniatologit  a]  maps  slinw  that  in  January  the  tem- 
peralurr  is  altout  24  '  to  2.")  F.,  and  in  July  08"  to  09°  F.,'i.  e..  some 
3^  warmer  in  winter  and  3°  colder  in  summer  than  in  the  middle 
of  the  state,  and  some  6°  warmer  in  winter  and  6°  colder  in  summer 
than  at  a  corresponding  latitude  in  Minnesota.    These  figures  are 


•1S71.  Harper's  Monthly,  XLIII,  p.  279,  281;  also  Walling's  Atlas. 


32 


HURON  COUNTY. 


sufficient  to  show  the  effect  of  the  lakes  in  producing  a  semi-insuhir 
climate,  while  the  effect  in  checking  extreme  temperatures  for  few 
hours,  e.  g.  frosts,  is  yet  more  marked.  For  example,  the  first  au- 
tumnal frost  at  (Sand  Beach)  Harbor  Beach  in  181U  (the  latest  date 
conveniently  accessible)  was  on  October  12.  while  in  Adrian,  Lans- 
ing and  Howell  it  was  September  25,  and  mo.st  of  Indiana  was  visited 
by  frost  before  October  12.  The  mean  annual  temperature  would  be 
according  to  Winchell's  maps  a  trifle  under  43°;  from  1890  to  1900 
it  averaged  46.0°  at  Hayes,  44.4°  at  Harbor  Beach,  and  the  weather 
service  data  furnished  to  V.  S.  G.  S.  paper  Xo.  80  make  it  the  same. 
This  is  practically  the  same  temperature  wliich  obtains  at  points  at  a 
corresponding  latitude  on  the  great  plains.  We  see  thus  that  the 
effect  of  the  lakes  is  to  check  oscillations  and  extreme  variations  of 
climate,  rather  than  to  change  the  average  temperature  for  the  year. 

The  following  reports  furnished  us  by  C.  F.  Schneider,  director  of 
the  State  Weather  Service,  show  the  temperatures  and  precipitation 
for  the  past  ten  or  twelve  years  in  two  stations  within  the  county, 
and  agree  probably  as  well  as  observations  of  short  period  and  of 
thirty  years  ago  could  be  expected  to.  witli  Winchell's  results. 


PRECIPITATION  AT  HARBOR  BEAGH  (SAND  BEACH),  HURON  COUNTY,  MICH- 
IGAN.  OBSERVER:  W.  NIMS  TO  FEBRUARY,  1896,  SINCE  THEN  N.  P.  ARNOLD. 
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TEMPERATURE:    SAME  STATION  AND  OBSERVER. 


January. 

February. 

March. 

April. 

s 

July. 

August. 

September. 

October. 

o 

December. 

Average. 

1887 

64.2 

74.2 

66.2 

59.4 

45.1 

36.0 

28.9 

1888   

16.3 
•27.6 
27.9 

21.4 
16.5 
27.3 

68.0 

67.0 

59.1 

31.8 

32.3 

41.6 
39.8 

51 .8 
47.5 

57.2 

69.0 

66.4 

62.0 

43.8 

34.6 

24.8 

64.8 

66.8 

63.7 

56.6 

40.4 

37.6 

24.1 

44.0 

1891 

26.8 

26.5 

96.0 

41.8 

48.8 

60.5 

62.7 

64.7 

61.6 

45.6 

43.9 

1892  

15.6 
14.5 

21  8 
17.6 

23.7 
29.3 

39.6 

48.4 
49.5 

63.5 
64.0 

65.7 
68.7 

64.3 
67.0 

61.2 
59.6 

49.6 
52.6 

35.8 

24.8 
24.7 

43.1 
43.6 

1894  

26.0 

21.7 

39.1 

43.0 

50.7 

66.2 

70.6 

67.4 

64.0 

50.2 

33.2 

31.8 

47.3 

19.4 

15.9 

24.0 

40.0 

56.5 

65.2 

64.5 

65.8 

63.6 

44.5 

36.1 

28.7 

43.7 

1898  

23.2 

23.2 

26.2 

60.2 

61.9 

68.6 

58.0 

50.1 

46.8 

1897  

23.0 

27.2 
20.8 

29.0 

40.2 

50.4 

56.0 

67.0 

63.2 

62.2 

51.6 

36.6 

25.4 

44.3 

1898  

24.0 

33.3 

52.0 

63.4 

69.4 

63.4 

50.9 

36.2 

26.1 

45.5 

1899  

1900.  

21.0 
25.6 

16.4 
18.5 

24.3 
23.0 

42.8 
43.0 

53.2 
54.0 

63.0 

65.6 

67.9 

57.4 

52.8 

41.7 

27.4 

44.5 

Mean  

22.1 

21.4 

28.4 

40.9 

51.7 

62.5 

67.9 

66.0 

60.9 

48.3 

35.5 

28.2 

44.4 

PRECIPITATION  AT  HAYES,  HURON  COUNTY,  MICHIGAN.  OBSERVER: 
C.  F.  LEIPPRANDT. 
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2.17 
0.1 


2.72 
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»  Average  per  month  or  total  per  year  in  feet  and  decimals  of  a  foot. 
5-Pt.  II. 
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TEMPERATURE:    SAME  STATION  AXD  OBSERVER. 
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1890  

30.3 

30.5 

28.3 

45.6 

54.0 

68.4 

68.4 

63.2 

57.6 

48.1 

39.5 

•26.7 

46.7 

18m  

26.5 

29.5 

49.4 

53.3 

64.4 

66.0 

66.4 

63.6 

46.8 

35.5 

46.7 

1892  

19.2 

29.2 

52.0 

66.5 

66.7 

49.0 

35.3 

25.9 

45.0 

1893  

13.8 

17.1 

27.9 

41.0 

52.5 

68.4 

68.2 

65.8 

59.0 

52.1 

37.7 

26.2 

44.1 

27.1 

21.3 

40.0 

44.5 

54.1 

67.4 

68.5 

63.4 

62.2 

54.2 

32.2 

47.7 

1895  

17.8 

15.2 

24.6 

43.2 

56.4 

70.8 

69.4 

66.0 

67.4 

44.4 

36.3 

27.8 

44.9 

1896  

24.6 

23.7 

27.2 

49.2 

61.7 

65.6 

70.8 

69.2 

57.0 

46.7 

39.4 

27.8 

46.9 

24.2 

26.1 

30.4 

42.0 

52.8 

64.2 

70.8 

66.6 

64.2 

52.8 

36.6 

27.0 

48.6 

1898  '. . 

25.0 

21.6 

36.3 

41.7 

54.4 

63.9 

67.5 

65.6 

63.4 

49.6 

36.3 

26.2 

45.8 

1899  

22.0 

15.0 

22.8 

44.0 

57.6 

66.0 

67.8 

67.2 

58.4 

49.8 

40.4 

27.9 

44.9 

1900  

24.3 

17.2 

22.0 

44.4 

56.2 

1 

Mean  

23.0 

29.6 

44  5 

54.9 

66.6 

68.7 

61.8 

49.3 

37.5 

29.1 

46.0 

When  only  two  or  three  months  are  missing  from  a  year,  the 
Yearly  average  has  been  found  by  using  the  means  for  the  missing 
months.  The  general  average  is  the  average  of  the  monthly  average, 
and  is  liable  to  vary  slightly  from  the  average  of  the  yearly  averages. 
Hayes  is,  I  think  from  its  position,  a  truer  representative  of  the 
county  in  general. 

The  prevailing  winds  are  westerly,  though  they  are  modified  by 
the  usual  system  of  land  and  lake  breezes,  by  which  in  the  summer 
time,  on  the  afternoons  of  hot  days  there  is  a  tendency  for  the  heat- 
ed air  over  the  land  to  rise  and  draw  in  a  cool  breeze  from  the  lake. 
A  rider  on  a  bicycle  quickly  notices  a  head  wind  and  it  was  quite 
noticeable  that  in  riding  back  to  Port  Austin  in  from  the  south  after 
a  hot  day.  one  was  very  liable  to  encounter  a  head  wind. 

In  accord  with  the  prevailing  west  wind  the  prevailing  surface 
drift  of  the  Great  Lakes  is  eastward,  as  is  indicated  on  the  chart 
of  the  Great  Lakes  issued  by  the  weather  bureau.  This  general 
character  of  the  lake  currents  and  winds  seems  to  have  a  marked 
effect  on  the  character  of  the  shore  lines,  making  those  facing  west 
seats  of  deposit,  and  accelerating  erosive  action  on  those  facing 
east  by  removing  the  debris  of  erosion.  This  is  well  illustrated  on 
Lake  Michigan,  where  the  shore  from  Evauston  to  Manitowoc  is 
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eroded  away  at  au  average  rate  of  about  5.28  feet  a  year.*  while 
around  Xew  Buffalo,  and  thence  north  the  sand  is  piling  high.  The 
The  same  antithesis  may  be  observed  between  the  two  sides  of 
Huron  County,  as  will  be  later  seen. 
§  2.    Level  of  Lake  Huron. 

The  level  of  Lake  Huron  varies  in  a  very  complex  way.  Elimina- 
ting the  waves  of  various  causes  which  are  of  reasonably  short  per- 
iods, we  find  fluctuations,  dependent  either  on  the  direction  of  the 
wind  which  may  cause  a  very  noticeable  rise  of  level  lasting  over  a 
day  or  two,  or  on  the  height  of  the  barometer  or  on  the  tidal  attrac- 
tion of  the  moon,  and  also  on  the  general  relations  of  rainfall,  freez- 
ing and  evaporation. 

Other  causes,  change  in  earth  level,  downcutting  of  outlet,  etc., 
may  have  their  part  in  affecting  this  level.  Before  we  can  con- 
sider these  latter  causes  which  will  take  us  back  into  the  i-ealm  of 
geology  almost  before  we  know  it,  we  should  consider  what  fluctua- 
tions we  really  have,  and  how  far  they  may  be  accounted  for  by  cli- 
matic considerations.  Plate  IV  shows  the  effect  of  the  fall  of  lake 
level  from  18S6  to  1896  in  the  line  of  undermined  but  deserted  cliflfs. 
This  inquiry  is  of  great  practical  consequence,  as  affecting  the 
depth  of  harbor  improvements,  etc.,  and  also  as  affecting  the  use 
of  the  lake  as  a  datum  plane  in  leveling. 

Plate  V  below,  compiled  mainly  by  Mr.  M.  L.  Fuller,  under  my 
direction,  shows  the  variation  of  the  lake  level  during  the  past  cent- 
ury fairly  completely.  We  are  indebted  to  Mr.  Charles  Crosman 
for  permission  to  extract  a  large  part  of  it.  viz..  from  1858  to  1887, 
from  his  chart.  We  have  brought  this  down  to  date  by  appending 
the  records  of  the  Sand  Beach  (Harbor  Beach)  gage  in  the  Annual 
Reports  of  the  U.  S.  Engineers,  and  added  the  earlier  part  from  data 
in  Foster  and  Whitney's  Report  on  the  Geology  of  the  Lake  Superior 
Land  District,  1851.  Chapter  XIX,  on  the  observed  fluctuations  of 
the  surface  of  the  lakes  by  Chas.  Whittlesey.  This  quotes  from 
Douglass  Houghton's  observations  in  his  early  reports  of  the  Mich- 
igan Geological  Survey  in  1839  and  1840.  so  that  we  are  but  con- 
tinuing researches  begun  by  the  first  Geological  Survey.  We  have 
also  used  some  data  from  the  Lake  Survey. 

A  comparison  of  the  recorded  fluctuations  of  the  monthly  mean 
water  level  as  shown  in  appendix  SS  of  the  Annual  Report,  upon 
the  Surveys  of  the  Xorthern  and  Xorthwestern  Lakes,!  shows  that 


*E.  Andrews.  Trans.  Chicago  Acad,  of  Sciences.  1S70,  Vol.  II.  quoted  bv  Crosman. 
tAnnual  Report  of  the  Chief  of  Engineers,  1S;?2. 
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the  fluctuations  are  within  a  small  fraction  of  a  foot  the  same  at 
Milwaukee  and  Sand  Beach,  and  at  Point  aux  Barques,  and  Port 
Austin.    The  records  are  from  1859  to  1882.    See  also  §  5. 

In  the  18th  Annual  Report  of  the  U.  S.  Geological  Survey,  Part 
II,  p.  624,  the  altitude  of  the  Port  Austin  gage  was  studied  by  G.  K. 
Gilbert  of  the  Survey  to  determine  if  there  was  any  relative  change 
of  level,  i.  e..  any  elevation  of  the  land.  He  chose  a  period  in  July 
and  August,  1876,  when  the  weather  and  wind  were  not  likely  to 
produce  local  disturbances  of  level,  to  compare  it  with  the  gage  at 
Milwaukee.  He  found  that  the  Port  Austin  gage  zero,  which  was 
about  7.4  feet  above  the  water  level  was  on  the  average  5.21 
±  probably  .013  feet,  above  the  Milwaukee  gage,  which  was 
about  2.2  feet  above  the  water  level.  This  Port  Austin  gage 
zero  was  originally  placed  on  a  level  with  the  main  or  Wisner 
benchmark  (590.53  A.  T.),  but  Gilbert  says  that  Mss.  records 
of  the  Engineers  oflflce  state  that  in  July,  1875.  it  was  0.003  foot  too 
low  and  on  Oct.  18,  1876,  it  was  0.040  too  low.  having  settled  in  the 
meantime.  As  the  readings  studied  by  Gilbert  were  during  the 
time  of  settling  he  was  obliged  to  apply  a  correction,  which  he  took 
to  be  0.034  foot,  but  applied  in  the  wrong  sense  and  found  the  gage 
zero  to  be  7.460  above  a  check  point  at  Port  Austin,  to  wit,  "the  top 
of  an  iron  bolt  driven  into  a  vertical  face  of  bed  rock  on  the  west 
side  of  a  promontory  opposite  the  residence  of  J.  W.  Kimball,"  i.  e. 
590.570  A.  T.  instead  of  which  it  should  be  7.39  above  the  check 
point  (590.50  A.  T.).  Mr.  Gilbert  had  a  new  series  of  observations 
made  at  Milwaukee  and  Port  Austin  in  the  summer  of  1896,  with  the 
help  of  Mr.  John  P.  Smith  of  the  Port  Austin  News,  using  a  new 
gage  which  he  established  with  its  zero  5.125  feet  below  the  check 
point  (577.985  A.  T.),  and  about  1.2  feet  below  the  water  level  of  that 
time.  Assuming  the  lake  level  to  be  the  same  at  Milwaukee  and 
Port  Austin  he  found  as  the  result  of  a  series  of  readings  that  the 
gage  zero  was  now  6.875  feet  ±  0.019  foot  below  the  Milwaukee 
gage  zero.    Correcting  and  tabulating  his  results  we  have: 


MiL  check  point  above  Mil.  gage  zero  

Mil  gage  zero  above  or  below  Port  Austin  gage  zero  ... 

Gage  zero  above  or  below  check  point.  Port  Austin  

Check  point  at  Milwaukee  is  above  that  at  Port  Austin. 

Difference  


0.843 
—5.210 
7.390 
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which  is  what  Port  Austin  has  risen  relative  to  Milwaukee  in  the 
last  20  years,  a  quantity  within  the  range  of  possible  though  not 
of  probable  error.  The  slip  of  the  gage  in  1876,  which  seems  to 
be  the  most  uncertain  element,  could  not  make  the  result  more  than 
.006  foot  less  and  if  all  the  change  took  place  after  August,  1876. 
the  elevation  would  be  greater. 

Prof.  Gilbert  concludes  that  the  land  is  rising  to  the  N.  W.  at  a 
rate  that  would  produce  an  apparent  fall  of  the  lake  in  Huron 
county  of  0.2  foot  per  century. 

It  may  be  worth  while  some  time  to  test  some  of  the  other  bench 
marks  left  by  the  Lake  Survey,  to  wit: 

Bench  mark  near  Station  D  at  the  mouth  of  Willow  River  was 
5.65  feet  above  mean  water  level  in  June,  1857. 

On  overhanging  rock  near  Station  No.  30,  Point  aux  Barques.  16.8 
feet  above  water  surface  in  1857. 

Bench  near  triangulation  station  M,  Partridge  river  was  5.3  feet 
above  water  surface  in  1857. 

Bench  mark  300  feet  east  of  triangulation  station  L  is  marked 
with  a  cross  on  the  top  which  is  9.6  feet  above  mean  level  of  water 
surface  for  season  of  1857. 

In  the  curves  of  lake  level  fluctuations  published  in  the  report  of 
the  Chief  of  Engineers,  U.  S.  A.,  e.  g.  Appendix  SS  in  1882,  the 
plane  of  reference  for  water  levels  on  Lake  Huron  is  taken  by  assum- 
ing that  during  the  months  of  June,  July  and  August,  1874,  the 
waters  on  Lakes  Huron  and  Michigan  were  level  and  that  the  high 
water  of  1838  was  at  either  Port  Austin  or  Milwaukee  at  the  same 
distance  above  that  level. 

The  Point  aux  Barques  curve  was  adjusted  to  the  others  by  as- 
suming that  during  June,  July  and  August.  1860,  Lakes  Michigan 
and  Huron  were  at  the  same  level. 

In  studying  the  records  plotted  in  Plate  V  we  see  plainly  that 
there  is  an  annual  fluctuation  of  about  a  foot  to  a  foot  and  a  half.* 
The  effect  of  the  melting  of  the  winter  snows,  and  the  spring  rains 
is  not  fully  felt  in  making  the  maximum  of  high  water  in  Lake 
Huron  until  June  or  July.  From  this  time,  under  the  influence  of  the 
increasing  evaporation  and  the  shrunken  inflow  due  to  midsummer 
heat,  the  lakes  dwindle  and  their  levels  fall.    The  approach  of  au- 

*Crosman  says  1.34  ft.  See  also  article  by  A.  J.  Henry,  National  Geographic 
Magazine  (1899),  Vol.  X,  p.  404,  and  Lieut.  Col.  H.  M.  Chittenden,  Transactions  Am. 
Soc.  of  Civil  Engineers,  Vol.  XL,  (1898),  No.  839. 
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tumn  with  its  cooler  weather  checks  evaporaTion,  the  autumn  rains 
begin  and  the  fall  is  checked  somewhat,  but  is  resumed,  as  Mr. 
Fuller  suggested  to  me.  when  the  ground  freezes  and  rain  changes 
to  snow  and  the  lowest  water  is  in  the  latest  winter  months.*  Be- 
side this  annual  fluctuation  there  is  also  one  of  greater  period,  de- 
pendent upon  the  mean  rainfall  of  the  previous  years,  but  lagging 
behind  the  rainfall  curve.  Thus  the  high  waters  of  1876  and  1886 
were  both  coincident  with  periods  of  extra  rainfall.  Again,  in  the 
earlier  part  of  the  century,  "from  the  low  water  of  1810  to  the  high 
water  of  1814  there  fell  in  Pennsylvania  34.54  inches  of  rain  more 
than  from  the  years  from  1815  to  1819."  8o  too.  the  rainfall  of  the 
11  years  prior  to  the  flood  of  1838  is  very  large,  averaging  41  inches 
per  annum  or  11  inches  per  annum  greater  than  that  of  the  preced- 
ing low  water  of  1819.  The  signs  of  the  fall  of  water  level  since 
1886  were  in  1896  everywhere  evident  along  the  coast.  Around 
Bayport  the  slope  of  the  land  is  so  gentle  that  some  400  feet  had 
been  added  to  the  shore  of  Wild  Fowl  Bay  for  quite  an  extent. 
North  Island  was  joined  by  a  neck  to  an  islet  northwest  of  it,  and 
northwest  of  Point  aux  Barques  Gull  Island  had  developed  from 
a  .shoal.  The  water  is  said  to  have  been  somewhat  higher  in  1896 
than  in  1895.  and  was  distinctly  higher  in  1897.  Trespassing  a  little 
farther  into  the  past,  Mr.  Webber  informs  me  that  having  occasion 
to  have  Sec.  17,  T.  17  X..  R.  10  E.,  on  the  shore  of  Wild  Fowl  Bay 
resurveyed  in  1895,  the  s.urveyor  found  the  meander  stakes  as  called 
for  by  the  notes  of  the  old  Government  Survey  to  be  just  at  the 
water  line.  The  water  was  lower  than  normal  in  1895  and  in  the 
head  of  a  bay  near  the  mouth  of  a  stream  like  Mud  Creek  one  would 
expect  to  find  the  shore  built  out.  if  anything,  so  that  such  observa- 
tions would  indicate  no  considerable  rise  of  land  on  lake.  We  hear 
indeed  of  traditions  from  the  Indians  around  Saginaw  Bay,  of  a 
time  when  the  Indians  could  go  with  their  canoes  where  it  is  now 
dry  land,  but  a  high  water  like  that  of  1838.  nearly  6  feet  above  the 
recent  low  water,  would  give  abundant  opportunity  for  such  a  tradi- 
tion, when  we  consider  also  the  out-building  of  the  coast  by  the 
accumulating  sand,  and  the  extremely  gentle  slope  of  the  land. 
On  the  other  hand  while  the  water  was  in  189G  abnormally  low,  and 
we  may  expect  to  see  it  rise  again,  the  water  during  the  summer  of 
1883  to  1886  was  extra  high,  so  that  we  need  not  expect  it  to  return 

*L,ow  -water  is  later  In  Lake  Superior.  March  having  the  lowest  average  level, 
and  high  water  is  not  until  August  or  September. 
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to  that  level  permanently.  Moreover  the  last  report  of  the  Chief 
of  Engineers,  for  1899  (Appendix  DDD,  p.  3858)  reports  that  the  head 
of  the  St.  Clair  has  scoured  materially  since  1867.  The  indications 
are  that  this  deepening  started  about  1887. 

The  fluctuations  of  the  water  level  are  one  of  the  sources  of  em- 
barrassment in  obtaining  very  exact  altitudes  in  the  county  or  pre- 
paring a  contour  map.  which  is  the  subject  of  the  next  section. 
Before  leaving  the  present  subject,  however,  we  must  allude  to  the 
theory  of  Spencer,*  who,  while  he  also  believes  that  in  the  more 
remote  past  the  lake  has  subsided,  believes  that  at  present  it  is  ris- 
ing again.  If  there  had  been  any  considerable  rise  of  the  lake, 
there  would  be  a  tendency  to  flood  the  river  valleys  and  lower  their 
grade,  causing  them  to  build  up  near  their  mouths.  Any  marked 
effect  of  this  sort  in  Huron  county  is  inconsistent  with  the  rock 
beds  of  Allen  Creek.  Willow  Creek.  Pinnebog  and  Shebeon  rivers, 
close  to  their  mouths.  In  counties  farther  south  such  flooded  river 
valleys  are  plainly  visible.  During  the  past  few  years  many  wells 
that  once  flowed,  have  been  ceasing  to  flow,  and  in  general  the 
water  level  in  wells  has  lowered.  This  fall  may  be  due  to  the  set- 
tling up  of  the  country,  clearing  the  forests  and  draining  the 
swamps,  and  allowing  the  water  that  falls  upon  the  surface  to  run 
off  more  rapidly,  and  also  in  part  to  the  greater  demands  upon  it 
by  the  more  numerous  wells,  and  may  also  be  due  to  such  local 
causes  as  the  draining  of  the  coal  mines,  but  it  must  also  be  affected 
by  the  unusually  .dry  weather  of  the  past  few  years.  The  accom- 
panying fall  in  the  lake  IcA-el  is  but  an  index  of  the  general  lower- 
ing in  ground  water  level,  so  that  it  would  not  be  surprising  if  the 
water  level  in  the  wells  rose  again  somewhat  in  the  next  few  years. 
There  are  also  more  temporary  fluctuations  of  the  ground  water 
level  or  head  peculiar  to  individual  wells  which  seem  to  corre- 
spond to  the  more  temporary  fluctuations  of  lake  levels.  (See 
Chapter  YI.)t 

§  3.    Types  of  shore  line. 

When  we  study  the  shore  lines  of  Huron  county  we  find  three 
different  types,  which  though  more  or  less  intermingled,  neverthe- 
less predominate  respectively  on  the  western,  northern,  and  eastern 
sides,  and  depend  partly  on  the  slope  and  nature  of  the  shore,  and 
partly  on  its  relation  to  the  currents  and  waves. 

•Popular  Science  Monthly,  June  1896. 

tThis  section  was  written  in  1897.  There  has  been  no  chance  to  see  how  much 
the  recent  rainier  seasons  have  raised  the  level  of  the  ground  water. 
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(a)  .  The  first  type,  the  mud  flat  type,  is  prouounced  along  the 
shore  from  Sebewaing  up  to  Sand  Point  (Point  Charities).  The 
slope  of  the  land  surface  is  so  gentle  that  the  force  of  the  waves  is 
thoroughly  broken  ere  they  reach  the  shore.  There  is,  therefore, 
little  beach  ridge  or  crest,  though  the  spring  ice  may  shove  up  and 
strand  many  boulders.  The  contours  of  the  land  sweep  out  under 
the  sea  with  scarce  a  break  at  the  shore  line.  The  prevailing  wind 
and  currents  beat  back  the  mud  brought  down  by  the  streams 
against  the  shore  and  the  reeds  and  sedges  creep  out  over  the  muddy 
flats  and  catch  both  it  and  the  driftwood  that  is  brought  on  higher 
stages  of  the  water.  The  winds  blow  back  into  ''dunes"  the  sand 
from  the  shore  and  thus  little  by  little  the  land  creeps  out  in  a  series 
of  mud  flats  or  swamps  and  low  sand  ridges. 

(b)  .  The  second  type,  the  sand  beach  type,  occurs  all  along  the 
shore  at  intervals,  but  is  dominant  from  Sand  Point  to  Hardwood 
Point  close  to  Port  Austin.  From  it  the  town  of  Sand  Beach,  now 
Harbor  Beacli,  took  its  name,  as  being,  so  it  was  said,  the  first  ap- 
pearance of  this  type  of  shore  line  from  Port  Huron  north  on  the 
west  side  of  the  Lake.  This  type  of  shore  line  occurs  (Plate  IV) 
where  the  water  deepens  more  rapidly,  allowing  the  waves  freer 
action  so  that  they  wash  away  the  mud  from  the  beach,  while  the 
sand  is  piled  up.  Where  such  shores  face  the  west  the  prevailing 
west  winds  catch  the  sand  and  throw  it  back  above  the  reach  of  tbe 
waves,  where  it  forms  rolling  ridges  of  shifting  sands  '"dune  sands'' 
for  these  rolling,  wind-built  sand  hills  are  called  "dunes"  and  are 
admirablj^  developed  from  Port  Austin  to  Port  Crescent,  and  thence 
to  Caseville,  and  in  fact  at  intervals,  all  along  tlie  western  shore. 
The  prevalence  of  this  shore  type  on  the  northwest  coast  is  due 
partly  to  the  supply  of  sand  furnished  by  the  underlying  rocks,  part- 
ly to  the  more  open  sweep  of  water,  and  partly  to  the  prevalence  of 
on-shore  winds. 

In  this  type  of  shore  line  the  land  is  not  gaining  so  rapidly  on 
the  sea,  though  it  is  probably  gaining  somewhat,  but  it  is  the 
favorite  type  of  shore  line  where  the  lake  is  evening  off  the  irregu- 
larities of  the  land,  cutting  the  points  and  filling  in  the  heads  of  the 
bays  and  coves.  Plate  IV  is  taken  from  the  bay  between  Point  aux 
Barques  and  Burnt  Cabin  Pt. 

Cc).  The  third  type  may  be  called  the  clifl:"  and  shingle  type.  It 
alternates  with  the  second  type,  but  grows  more  and  more  promi- 


(leological  Survey  of  Michigan 
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PLATE  IV. 

Illustrates  the  transition  from  the  cliff  and  shingle  to  the  sand  beach  type  of  shore  line  at  Point  Aux 
Barques:  also  the  resemblance  of  the  cliffs  to  boats  drawn  up  on  the  beach;  also  the  undercutting  action  of 
the  waves,  producing  sea  caves  now  abandoned  by  the  water:  the  top  of  the  cliff  is  the  level  of  the  Algon- 
quin terrace. 

(Reproduced  through  the  courtesy  of  the  F.  &  P.  M.  R.  R.) 
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nent  toward  the  southeast.  lu  this  type  there  are  uumistakeable 
signs  that  the  lake  has  been  wearing  the  land  back,  making  cliffs 
which  rise  up  to  40  feet  high,  and  face  a  bench  made  largely  of  their 
own  debris,  and  in  general  more  stony  than  the  sand  beach  type 
proper,  though  if  the  rocks  are  sandstone,  the  transition  to  the 
second  type  is  easy.  For  example.  Plate  IV  might  illustrate  this 
type,  except  that  the  beaches  in  front  of  the  cliffs  are  quite  pure 
sand.  The  third  type  is  typically  represented  near  the  Point  aux 
Barques  lighthouse  (Fig.  5),  and  around  Grindstone  City.  The  stony 
beach  deposit  in  front  of  outcrops  of  rock,  composed  of  fragments 
torn  off  by  waves,  is  called  shingle.  Often  such  a  bench  is  strewn 
with  boulders.  These  are  perhaps  in  part  as  suggested  by  Spencer 
boulders  left  by  the  washing  of  the  finer  part  of  the  boulder  clay 
deposit,  but  are  undoubtedly  very  largely  left  stranded  by  the  melt- 
ing of  the  spring  floes  of  ice.  We  are  informed  that  at  the  Oak 
Grove  resort  near  Sebewaing  they  picked  up  all  the  stone  from  the 
beach  one  year,  but  the  next  year  a  broad  winrow  was  piled  in  by 
the  storms  breaking  up  the  ice.  The  ice  in  the  bay  is  even  now 
often  four  feet  thick,  and  the  stones  left  by  melting  are  often  bigger 
than  a  man  can  carry,  even,  as  reported  up  to  a  ton  weight.  Such 
observations  throw  considerable  light  upon  the  rapidity  with  which 
the  beach  accumulations  may  be  formed,  and  upon  the  depth  below 
the  water  level  at  which  such  boulder  benches  may  be  formed.  It 
may  be  noted  that  since  the  lakes  are  lowest  in  winter,  such  large 
stones  frozen  into  the  ice  will  be  subject  to  a  powerful  lifting  action 
when  the  water  level  is  raised  by  the  beginning  of  the  spring  rise. 
The  level  of  the  boulder  bench  in  front  of  Port  Austin  seems  to  be 
four  to  six  feet  below  present  summer  water  level.  Houghton  noted 
concerning  White  Rock  that  it  was  "about  20  feet  in  horizontal 
dimensions  and  8  feet  high  with  crust  on  top;  it  is  cracked  in  all 
directions,  and  pieces  lie  all  around  it;  water  5  feet  deep;  siliceous 
limestone  and  probably  a  boulder;  distance  from  shore  1,900  feet.'' 
In  the  original  Lake  Survey  sheet.s  this  is  given  as  1.460  feet  from 
shore  in  6  feet  of  water. 

On  the  eastern  shore  the  winds  and  currents  and  spring  ice  help 
to  bear  away  part  of  the  material  which  the  waves  have  beaten  from 
the  cliff,  and  thus  prevent  them  from  being  clogged  in  their  activity 
as  they  are  on  the  west  and  northwest,  while  the  coarser  shingle 
left  behind  serves  as  a  weapon  for  new  onslaughts. 
ti-Pr.  IT. 
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The  contrast  thus  emphasized  between  the  shore  facing  west, 
which  is  in  general  growing,  and  the  shore  facing  east  which  has 
been  in  general  retreating,  is  like  that  already  mentioned  in  §  2  as 
also  occurring  around  the  lower  end  of  Lake  Michigan.  While  an 
elevation  of  land  to  the  northwest  and  a  relative  down  sinking  to 
the  east  might  accelerate  this  contrast  between  the  east  and  west 
sides  by  making  deeper  water  and  hence  more  forcible  waves  on  the 
east  side,  and  vice  versa,  it  seems  probable  that  the  lake  currents 
and  prevailing  winds  have  been  the  determining  influence. 

§  4.    Explanation  of  contour  map. 

We  find  the  features  of  the  present  shore  lines  repeated  at  higher 
levels,  repeated  in  such  a  way  as  to  assure  us  that  although  the 
lake  has  not  fallen  appreciably  during  the  period  of  accurate  rec- 
ords, yet  it  has  fallen  in  recent  times.  Basing  our  division  partly 
upon  the  modification  of  the  surface  and  soil  thus  produced,  but 
also  upon  other  facts,  we  may  divide  the  county  into  four  districts, 
topographically  distinct,  but  before  we  begin  to  describe  them,  we 
must  first  explain  the  contour  or  topographic  map  (PI.  VIII).  which 
we  shall  use  in  the  description. 

As  we  have  just  said,  in  189C,  Lake  Huron  had  been  retreating. 
Imagine  the  process  suddenly  reversed,  and  the  lake  suddenly  raised 
ten  feet  and  the  new  shore  line  marked  upon  the  map.  Suppose 
the  lake  raised  ten  feet  more,  and  the  resulting  shore  line  marked 
upon  the  map  of  the  county.  Such  lines  would  be  called  contour 
lines,  and  all  points  of  a  given  contour  line  are  obviously  at  the 
same  level  above  the  lake.  We  could  find  such  lines  if  we  could  by 
surveying  and  leveling  find  all  the  points  in  the  county  which  are 
exactly  10  feet  above  the  level  of  the  lake  and  join  them  by  a  line. 
All  the  country  lying  between  the  10  and  20  foot  contour  lines 
would  be  between  10  and  20  feet  above  present  lake  level.  The 
lines  drawn  upon  our  contour  map  are  the  best  approximations  to 
such  lines  that  we  can  draw.  But  as  the  lake  level  fluctuates  so 
much  they  are  not  referred  to  lake  level,  but  to  an  assumed  level 
on  the  Atlantic  Ocean,  the  average  level  of  Lake  Huron  being 
between  581  and  582  feet  above  the  sea.  The  United  States  Geo- 
logical Survey  has  published  a  dictionary  of  altitudes  of  points  all 
over  the  United  States,  referred  to  this  level,  from  which  we  have 
taken  the  altitudes  of  all  points  that  were  in  Huron  county.* 

•Bulletin  No.  76,  and  third  edition.  No.  160,  by  H.  Gannett. 


PHYSICAL   GEOGBAFHY  OF   HURON  COUNTY. 


With  tliosc  as  stai  tiiifi  points,  the  profiles  of  various  surveyed  lines, 
furnished  b,v  Mr.  Webber,  gave  a  great  many  others.  The  county 
drains  funiislied  the  relative  elevations  of  many  more  points,  and 
finally  baidinetric  readings  were  taken  as  we  went  over  the  roads, 
cheeked  up  on  points  more  accurately  determined  as  often  as 
possible,  and  the  weather  fluctuation  as  far  as  possible  eliminated. 
Thus  the  altitudes  of  a  great  many  other  points  were  determined 
from  those  already  given.  At  the  same  time  the  depths  of  stream 
valleys,  and  general  character  and  slope  of  the  country  were  noted. 
Finally  the  contour  lines  were  drawn  so  as  to  harmonize  with  this 
accumulation  of  data.  They  have  been  constructed  to  determine 
primarily  the  relative  positions  of  outcrops  and  of  the  strata  in- 
tersected by  the  wells^  and  must  be  judged  accordingly,  but  it  is 
believed  that  they  are  not  more  than  ten  feet  out,  one  way  or  the 
other,  except  in  the  hilly  part  of  Verona,  Bloomfleld,  Sheridan  and 
Paris  townships.  Moreover,  it  must  be  understood  that  on  our  ma]) 
we  have  adapted  the  river  valleys  between  section  lines  to  the  stream 
as  they  are  found  on  the  county  atlas  which  we  have  used  as  a  base 
in  all  cases  except  where  it  is  known  to  be  wrong,  so  that  if  any 
stream  as  laid  down  on  the  map,  proves  to  be  out  of  position,  the 
stream  valley  contours  are  correspondingly  incorrect.  With  the 
time  and  means  at  our  disposal,  it  was  impossible  to  meander  the 
streams.  The  expense  required  to  produce  a  thoroughly  accurate 
contour  map.  would  be  prohibitory  with  present  Survey  appropria- 
tions. 

The  present  map  cannot  be  depended  upon  for  final  location  of 
railroads  or  drains,  though  it  may  be  useful  in  their  preliminary 
location.  For  example,  it  suggests  that  a  very  practicable  line 
from  Badaxe  to  Harbor  Beach  may  be  found  by  going  north  or  north- 
east and  then  following  the  center  line  of  the  north  tier  of  sections 
in  Verona,  Sigel  and  Sand  Beach  townships.  But  it  is  in  the  first 
place  for  geological  use.  It  suggests,  as  will  be  hereafter  shown, 
the  gathering  places  for  artesian  water  supply,  and  removes  the 
mystery  as  to  the  origin  of  the  head  of  water  at  the  Badjixe  flow- 
ing well.  It  helps  us  to  make  due  allowance  for  the  diifering  alti- 
tude of  outcrops  in  estimating  strike  and  dips,  etc.,  and  also  aids 
us  in  tracing  the  ancient  history  of  the  lakes,  and  their  abandoned 
shores.    Without  its  help,  too,  the  map  showing  the  general  con- 
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formation  of  the  rock  surface  beneath  iPl.  VII.)  the  drift  mantle 
could  not  be  constructed. 
§  5.    Tables  of  altitudes. 

(a)  .  Lake  survey  bench  marks.  The  most  accurate  leveling  done 
in  the  county  is  presumably  that  of  the  Lake  Survey. 

The  present  plane  of  reference  of  the  U.  S.  Lake  Survey  for  their 
gages  on  Lakes  Michigan  and  Huron  is  known  as  high  water  of  1838. 
This  is  8.33  ft.  below  a  bench  mark  on  Dr.  I.  A.  Lapham's  house  in 
Milwaukee,  according  to  Plate  III  of  Appendix  SS  of  the  Annual 
Report  of  the  Chief  of  Engineers  for  1882.  This  bench  mark  ac- 
cording to  Professional  Paper  of  the  Corps  of  Engineers,  U.  S.  A., 
No.  24,  p.  609,  is  592.67  feet  above  mean  tide  at  New  York  (577.91 
±  .36  feet  above  coast  survey  bench  mark  at  Greenbush,  N.  Y.).  The 
plane  of  reference  of  the  U.  S.  Lake  Survey  which  is  also  that  of  our 
Plate  V  is  therefore  584.34  feet  above  tide  (A.  T.).  According  to  the 
same  reference  the  mean  surface  of  Lakes  Huron  and  Michigan  from 
Jan.  ],  1860,  to  Dec.  31,  1875.  was  11.39  feet  ±  0.10  below  the  Lapham 
bench  mark.  i.  e..  581.28  above  tide.  According  to  Crosman  the 
mean  water  surface  from  1860  to  1888  was  2.82  feet  below  the  plane 
of  reference  i.  e.  581.52  feet  A.  T.  This  is  0.24  foot  higher  than  the 
mean  level  for  1860  to  1875,  and  most  of  the  time  from  1875  to  1888 
the  lake  level  was  unusually  high.  A  check  point  at  Port  Austin 
is  the  top  of  an  iron  bolt  driven  into  a  vertical  face  of  bed  rock  on 
the  west  side  of  a  promontory  opposite  the  residence  of  Dr.  J.  W. 
Kimball,  which  was*  1.23  feet  below  the  plane  of  reference,  i.  e., 
583.11  A.  T.,  and  in  July,  1875,  and  October,  1876.  7.424  feet  below 
the  Wisner  bench  mark.  whicTi  is  6.19  feet  above  the  plane  of  refer- 
ence, i.  e.,  590.53  feet  A.  T.,  or  7.424  feetf  above  the  check  point. 

(b)  .  Altitudes  from  Gannett's  dictionarj^  of  altitudes  in  the  U.  S. 
Bulletin  No.  76  and  130  of  the  U.  S.  Geol.  Survey.  The  last  column  is 
the  distance  as  there  given  above  tide,  the  second  column  is  ob- 
tained by  subtracting  582,  the  elevation  of  Lake  Huron  accord- 
ing to  Gannett,  while  the  first  column  gives  the  distance  from  the 
starting  point  of  the  railroad  survey.  Some  stations  are  inter- 
polated by  profile  combined  with  repeated  barometric  readings. 

•Annual  report  of  the  Chief  of  Engineers  for  1876,  HH..  p.  84. 
tl8th  Annual  Report  U.  S.  Geological  Survey.  Part  11.  p.  628. 


Plate  V. — Illustrating  the  fluctuations  in  the  level  of  the  lakes 
from  1888-1899  (Sand  Beach  Gauge),  from  reports  of  the  U.  S.  Engi- 
neers. From  1888-1858  from  Orosman's  chart,  for  Lake  Michigan 
and  Lake  Huron,  Milwaukee  gauge.  Previously,  no  special  gauge. 
1856-1857,  Lake  Survey.  Previous  to  1851  the  data  are  from^Whit- 
tlesey's  paper.  The  line  connecting  monthly  means  is  in  dots.  The 
line  connecting  annual  means  is  full.  Line  connecting  mean  annual 
rainfall,  for  comparison,  is  in  dashes. 
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(hi)  Port  Austin  Division. 


Tyre  

Ubley  (Ubly)  

Highest  Point  

Wadsworth  

Bad axe  

Rapson's  Sidinfr,  Sees.  31  6 

Clarks.  Sees.  19  .SU  

FUion,  Sees.  18  19  

Creevy  Siding.  Sees.  7  16.. 
Kinde  (Dwight).  Sees.  31  6 

Johnson,  Sees.  18  19  

Port  Austin  


(02)  Harbor  Beaeh  Division. § 


24  and  25, 


Harbor  Beach  station  

Lowest  point  of  track  on  section  12. 

Shore  Road  crossing  

Bridge  over  Alien  Creek  

Crossing  east  road  between  Sec. 

16  N.,  R.  1.5  E  

Crossing  north  road  between  Sec.  25  and  26... 

Crossing  east  road  between  Sec.  26  and  35  

Crossing  north  road  between  Sec.  34  and  35  .. 
Crossing  east  road  between  Sec.  34  and  3 

Helena  

Crossing  east  road  between  Sec.  4  and  9.  T. 

15  N.,  R.  15  E  

Crossing  north  between  Sec.  8  and  9  

Crossing  east  between  Sec.  8  and  17  

Five  feet  below  top  of  ridge  just  west,  i.  e.,.. . 

Crossing  east  road  between  20  and  29  Miiih  

Minden  City,  near  S.  O.  P.,  T.  14  N.,  R.  14  E.  .. 


♦This  is  exactly  the  same  union  station  as  the  Badaxe  of  the  Saginavi',  Tuscola 
and  Huron  Railr.oad  for  which  Gannett  gives  the  altitude  758  feet,  agreeing  with 
the  levels  obtained  in  the  ofHce'  of  the  Railway  Company.  The  weather  service 
altitude  is  also  758.  The  preliminary  and  final  line  agree  and  for  this  and  for 
Tarlous  reasons  I  consider  the  Saginaw,  Tuscola  and  Huron  levels  the  more  trust- 
worthy, and  have  made  them  the  base  of  my  work,  but  I  have  not  changed  the 
other  levels  of  the  Port  Austin  Division  other  than  at  Badaxe.  because  the  level 
given  for  Port  Austin  station  seems  too  high  now.  According  to  profile  obtained 
from  the  office  of  the  Flint  and  Pere  Marquette  Railroad,  Port  Austin  is  33  feet, 
Kinde  131  feet  and  Wadsworth  208  feet  above  Lake  Michigan,  i.  e..  Lake  Huron, 
but  according  to  letter  of  Chief  Engineer  W.  B.  Sears,  Oct.  10,  1896,  these  profiles 
compiled  from  old  data  are  certainly  wrong,  Port  Austin  being  about  14  feet 
above  lake.  The  fluctuations  of  the  lake  level  make  this  reference  somewhat  un- 
certain. I  should  take  it  to  be  about  right  for  1896  lake  level,  but  about  a  foot 
or  two  too  high  if  referred  to  the  mean  height  of  the  lake  from  1860  to  1875,  which 
is  the  altitude  taken  by  Gannett.  The  altitude  of  Badaxe  is  by  the  same  profile 
and  letter  193  feet.  If  we  subtract  18  feet  from  the  Port  Austin  elevation  of  the 
profile  and  from  the  Badaxe  elevation  also,  it  will  bring  the  latter  nearly  the  same 
as  the  Saginaw,  Tuscola  and  Huron  elevation,  and  the  former  also  nearly  correct, 
and  the  same  as  given  by  Gannett.  But  an  equal  subtraction  would  make  Kinde 
113  feet  above  lake  or  7  feet  lower  and  Wadsworth  10  feet  lower  than  given  by 
Gannett.  Going  south  into  Sanilac  county  a  similar  subtraction  would  leave  Palms 
238  feet  above  the  lake,  still  higher  than  it  is  given  by  Gannett  (S12  A.  T.  or  213 
above  lake).  Such  discrepancies  cannot  be  satisfactorily  adjusted.  We  have  used 
Gannett's  figures,  except  for  obvious  misprints,  e.  ,g..  Port  Austin  =  696,  with  some 
regard  to  repeated  barometric  measurements. 

The  last  edition  of  Gannett's  dictionary  has  lowered  altitudes  on  the  S.  T.  &  H. 
and  P.  O.  &  N.  seven  feet.  This  is  apparently  to  make  the  reading  on  Saginaw- 
Bay  of  the  latter  line  agree  with  the  level  of  Lake  Huron,  but  it  seems  to  produce 
many  discrepancies  elsewhere  and  our  work  is  based  on  the  second  edition. 

t740,  as  given  in  Bulletin  130,  is  a  misprint  for  720. 

tinterpolated  by  repeated  barometric  readings,  assuming  Badaxe  =  75S. 

§The  town  of  Sand  Beach  has  received  the  name  of  Harbor  Beach  quite  recentlv. 
The  maps  were  printed  with  the  old  form,  but  I  have  tried  to  replace  the  old  form 
by  the  new  in  the  text.  Badaxe  is  also  written  thus  by  the  post  office  authorities, 
but  by  others  is  often  written  Bad  Axe. 
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Altitudes  between  Harbor  Beach  and  Minden  City  have  been  in- 
terpolated by  triple  barometer  readings.  Bulletin  No.  130  gives  the 
altitude  of  Harbor  Beach  Station  as  599.  and  of  the  cisterns  of  the 
weather  service  barometer  as  600. 


(M)  PONTIAC.  OXFORD  &  NORTHERN  (PONTIAC.  OXFORD  &  PORT  AUSTIN)  R.  R 


MUes  from 
Port  Huron. 

Above  lake. 

Above  tide. 

Saginaw  Bay  

*588 

Caseville  

100 

12 

594 

588 

Pigeon  River  (Sec.  23.  Caseville)  

605 

Berne  (misprinted  Barnes)  

93 

627  M 

630 

617 

Center  of  Section  23  

90 

f62.5 

Winsor  (misprinted  Winson)  

87 

66 

648 

Ovrendale  

69 

69 

651 

Creel  

655 

Gaeretown  

80 

754 

(iannett's  figures  (in  No.  76)  agree  exactly  with  those  obtained 
by  adding  5S2  feet  to  the  altitudes  of  the  profile,  with  the  one 
ex(  ei)Tiou  of  Bayport.  for  which  he  gives  the  altitude  of  604  feet. 
^^'('  use  1  htM cfnic,  ihe  profile  of  that  line,  as  obtained  from  the  rail- 
road office,  more  in  detail.  In  Xo.  130  he  has  subtracted  7  feet 
straight  through,  which  is  a  mistake. 


*The  reference  to  Saginaw  Bay  is  uncertain  as  we  do  not  know  at  just  what 
level  the  Bay  may  have  been  at  that  time.  But  it  is  not  likely  that  the  water  was 
six  feet  above  the  582  feet  datum  though  if  the  time  was  the  summer  of  'S2-83  it 
well  may  have  been  a  foot  above,  i.  e..  5S3  A.  T..  and  consequently  the  altitudes 
given  below  should  be  reduced,  but  when  we  come  to  the  junction  with  the  Sagi- 
naw, Tuscola  and  Huron  railroad  at  Berne  Junction,  now  called  Pigeon,  we  find 
the  altitude  given  by  the  Pontiac,  Oxford  and  Northern  railroad  three  feet  below 
that  given  by  the  S.  T.  and  H.  (633),  so  that  we  should  not  be  justified  in  subtract- 
ing from  the  altitude  given  by  the  P  O.  and  N.  right  along.  I  think,  however, 
that  the  altitude  of  the  Caseville  Station  is  some  3  feet  too  high.  If  we  should 
take  off  three  feet  from  all  the  P.  O.  and  N.  altitudes  and  then  6  feet  from  all 
those  of  the  S.  T.  &  H.  to  make  a  match,  the  difterenee  between  the  altitudes  of 
the  Badaxe  station  as  determined  from  the  S.  T.  and  H.  and  Port  Huron  and 
Northwestern  according  to  Gannett  No.  76  would  also  disappear.  The  third  edition 
No.  130,  subtracts  G  or  7  feet  from  all  the  P.  O.  &  N.  altitudes  which  is  probably 
too  much.  The  reading  on  Saginaw  Bay  was  probably  when  the  water  was  at 
about  .583  ft.  Also  at  the  junction  point  of  Pigeon  and  Clifford  tlie  P.  O.  &  N. 
altitudes  are  low  when  thus  corrected. 

fAltitude  determined  by  preliminary  survey  for  S.  T.  and  H.  given  below. 
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(C)  SAGINAW,  TUSCOLA  AND  HURON  RAILROAD  RECENTLY  LEASED  BY 
PERE  MARQUETTE. 

(c.  1).  Preliminary  line  from  Sebewaing  to  the  renter  of  Sec.  20, 
T.  16  X.,  R.  10  E.,  thence  by  quarter  line  to  Badaxe. 


Remarks. 

Station 
of survey. 

Alt. 
above 
lake. 

A.  T. 

g 

1966  58 

591 

2000 

14 

596 

611 

Ridge  Road 

2037 

29 

2066 

610. 

Town  line(lDo  feet  ht.  to  corner  netween  sees,  o  and  -i,  i.  lo  in.. 

2074.35 

25 

25 

607 

Road  between  Sees  34  and  35  (270  feet  to  the  cjuarterpost)  - . . . 

2137'39 

32 

614* 

Road  between  Sees.  25  and  2t),  T.  16  N..  R.  9  E..  then  alnaost 

2196.81 

45 

617 

Ditch  with  banks  at  alt  43  feet                                           . .  ■  ■ 

2250.50 

40 

6a2 

Shebeon  Creek  (alt  of  banks  4'^  feet  ) 

2269.50 

40 

622 

2348 

45 

627 

(Course  thence  N.  SS^-n"  E. ) 

2370.90 

52 

634 

UuU^  ntiRff^  iU^'nii  n\nm  at    0  fppt    weneral  oonntrv  level 

22  and  '^3                               ^  P 

2476  62 

59 

641 

-.i03 . 78 

644. 

fin  - 

Section  line  road  (Sees.  23  and  241  

•V-'i- 

55 
50 

637 
632 

63 

645 

o-  feet  S  to  ouarternost  between  Seotions  24  and  11  T  IC  X 

2620 

70 

652 

2631 .20 

72 

654 

R  11  F       1"''''"     P*"^  netween  sections  -u  ana  41.  i.  lo  im.. 

2683.81 

Creek  hi  flooded  woods 

2696.70 

70 

652 

Offset  S  0°  30'  E  940  feet  on  Section  line 

Road  Seeti  ns  '1   i  d 

2736  59 

2767 

90 

672 

2810.50 

Ri  e  •       d         t  b-    k    f  P'  h 

104 

686 

666 

84 

100 

682 

Section  line  between  23  and  24  

■•■"2838  33 

108 

690 

Creek  

2844' 

106 
110 

688 

2845 

692 

2870 

120 

113  feet  north  to  quarterpost  between  Sections  24  and  19,  T.  16 

N..  R.  12E  

2891.27 

125 

707 

2905 

130 

722 

2930 

140 

Section  line  between  19  and  20  

2945 

147 

729 

Road  N.  E.  and  S.  W  -.. 

2975 

739 

2985 

160 

742 

2990 

164 

746 

After  2992  ver.v  fiat  for  quite  a  way. 

103  feet  N.  to  quarterpost  between  Sees.  21  and  22  

3050.08 

162.5 

744.. 

From  here  course  N.  63°  27'  E  

3076.55 

Section  line  road,  1349  feet  S.  to  quarterpost  between  Sections 

165 

747 

22  and  23  

3105.58 

Change  course  to  N.  88°  35'  E. 

167 

749 

3142.50 

182 

764 

3143.50 

177 

759 

Road  between  Sec.  24  and  Sec.  18.  T.  16  N.,  R.  13  E  

3213  70 

181 

763 
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Comparing  this  profile  with  that  of  the  Pontiac.  Oxford  and 
Northern  or  with  that  of  the  Saginaw,  Tuscola  and  Huron  here- 
after given,  it  agrees  very  well.  It  does  not  agree  with  the  profile 
of  the  Goodman  Logging  Eoad,  if  this  be  located  as  given  on  the 
town  map  of  Oliver  in  the  county  atlas.  This  was  a  logging  spur, 
however,  and  is  now  torn  up,  and  is  given  otherwise  on  the  map 
of  the  county. 

(c.  2).  The  following  gives  the  main  topographic  data  of  Good- 
man Logging  Eoad: 

Main  track  of  S.  T.  and  H.  taken  as  beginning  of  Survey  and  at 
100  feet  altitude. 


Station  No. 

Elevation. 

(Compare  altitude  of  Goodman  (=Grassmere)  as  given  by  Gan- 

nett. 1.  e..  686  A.  T..  or  101  above  lake.) 

5 

97.6 

8 

101.1 

40 

108.1 

49 

104.6 

Crosses  previous  profile  (c.  l)  near  its  station  2870,  1.  e.,  about 

120  feet  above  lake. 

51 

108.6 

76 

117.4 

78 

113.7 

91 

123.4 

100 

120.5 

Bridge  abutment  over  Pinnebog  ;  

102.70 

112.9 

92.4 

River  valley,  flood  plain  

about 

93 

Inner  vallev  bench         

113 

120 

It  seems  likely  that  the  assumed  100  feet  is  about  590  feet  above 
tide,  and  more  than  100  feet  above  Lake  Huron. 


(c.y)    MAIN    LINE   OF    SAGINAW.  TUSCOLA    AND   HURON  RAILROAD. 


Station 
number  of 
railroad 
survey. 

Elevation 
of  railroad 
track. 

Elev.  of 
surround- 
ing 
country. 

Above 
tide. 

Base  about  11  feet  above  Lake  Huron  

liiiiiiiiiiii  ii 

593 
.=)97 
605 
607 
602,  (604)* 
695 
612 
622 
628 

is. 66 
23.00 
25.50 
20.00 
13.00 
30.00 
40.00 
46.00 

13 

Bayport  Junction                                           . . 

34 

Bayport  dock,  north  end  

Quarry  Junction  

46.5 

Leave  rock.  

at  46.6  . 
up  to  .50 
51-45 
at  47.7  ext. 
up  to 
42 



Level  of  ground,  54  ft  

45.00 

627 

*  Gannett. 
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(c  .9)  MAIN  LINE  OF  SAGINAW.,  TUSCOLA  AND  HURON  RAII>RO AD.— Concluded. 


Station 
number  of 
railroad 
survey. 


Elevation 
of  railroad 
track. 


Cut  (the  rest  Is  fill)  from  2,506  to  2,.')60  

Road,  east  line  Sec.  4,  T,  16  N.,  R.  10  E  

Pigeon  River  bridge,  above  bottom  of  vallej 
12  feet  deep,  i.  e,  altitude  35  ft.,  with  river  3 
feet  deeper,  i.e.,  altitude  32  feet  

P.  O.  &  N.  R.  R.  Pigeon.  Compare  altitude 
P.  O.  &  N.  R.  R  

Culvert;  wet  marsh  

Mlkton  

Pinnebog  R.,  3H  ft.  above  bottom  

East  line  Sec.  14,  T.  16  N.,  R.  11  E  

Goodman  


2940 
2970 
2981 


51,50 
71 


East  line  Sec.  18,  T.  16  N,,  R.  12  E. 


124.50 

iss.'so' 


Bottom  of  Silver  Creek  

East  line  Sec.  16,  T.  16  N.,  R.  12. 


East  line  Sec.  13.  T.  16  N.,  R.  12  E  

Lowest  point  between  Sec.  14  and  Bad  Axe  sta. 

Northwest  end  of  curve  

South  end  of  curve  

Badaxe  yard  

Sada.ve  depot,  junction  with  P.  M.  R.  R  


3193 
3230 
3344 


3352.5 

3354 

3370 


165.00 
177.06' 

'm'.io 

164.00 
167.00 
171.00 
172.00 
176.00 


170 
180 
179 

164.50 
162.5 
163.5 
171 


(c  4.)    A  compass  line  northerly  from  Sebewaing  to  the  quarry 


of  Sec.  5,  T.  16  N.,  R.  10  E.,  gives  some  additional  data  important 
as  to  the  lower  lake  ridges. 

Station 
of  railroad 
survey. 

1,966 
2. 000 

8+ 
14 

582=590 
596 

Ridge  road  

Ditch,  bank  20  ft.  on  one  side  and  24  ft.  on  the  other. 

Mound  sloping  down  to  23  ft.  on  the  other  side;  bottom 
Ridge  road ;  west  side  of  ridge  20  ft.,  east  side  24  to  25 
ft;  top  

2,022 
2,037 

18 
29 

600 

611 
609 
607 
607 
614 
624 

622 

Country  level  is  27  feet  above  base  at  summit  

2,070.35 

25 
25 

42 
43 
40 

Creek  

Line  between  Sees.  34  and  35,  T.  16  N.,  R.  9  E  

Surrounding  country  of  Shebeon  river  

2, 137.39 
2, 197 

Shebeon  river  

2, 270 

Angle  to  due  north  on  Sec.  20,  T.  16  N.,  R.  10  E  

South  line  of  Sec.  5  

2,490 

44 
49 
42 
37 

626 
631 
624 
619 

2, 541 
2,574 

7-Pt.  II. 
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(c  5).  A  survey  from  Sebewaing  to  Kilmanagh  and  thence  to 
Caseville  gives  probably  (the  datum  is  uncertaini. 


Station  No. 
- 

Elevation 
above  lake. 

Elevation 
above  tide. 

*J™ 

Liine  Detween  isecs.  o  aiiu  4,  l.  lo  js.,  K.  9  hd  

.i030..'>0 

5n 

17 

Creek  (banks  at  23  feet)  

21 

599 
603 

Line  between  Sec.  2  and  3  

2085 

30 

612 

Line  between  Sees.  2  and  35,  T.  16  X..  K.  9  E  

2116 

35 

617 

2I(^  25 

T'       ht             <^          V  d^STlfiVRQF 

Line  between  oecob  and  secol.  i.lDjs..K.  lOL 

Line  between  Sees.  -9  and  30  

oO 

632 

2468 

44 

626 

2522 

42 

624 

Line  between  Sees.  4  and  3  

2523 

41 

623 

Thence  all  the  way  a  beaver  swamp  to  line 

34 

616 

between  Sec.  3  and  Sec.  34,    T.  17   N.,  R. 

10  E  

2776 

33 

615 

Line  between  Sees.  27  and  34,  and  between  Sees. 

34 

616 

From  2705  .50  to  2735  altitude  the  same  

2735 

32 
25 

614 

Line  between  Sees.  11  and  14  

2790 

607 

Watery  all  the  way  from  

2798 

23 

605 

to  

2848 

22 

604 

Course  changes  at-  

2912.47 

23 

605 

Creek  (banks  at  17  and  19  ft  )  

596 

Line  between  Sees.  2  and  35,  T.  18  N.,  R.  10  E  

2900' 

20 

602 

Road  (center  line  of  Sec.  35)  running  east  

2927.50 

18 

600 

Caseville  

2940 

20 

602 

The  altitudes  above  agree  very  well  with  those  of  the  Saginaw,  , 
Tuscola  and  Huron  K.  K..  where  this  line  crosses  the  latter  on  Sec. 
4,  T.  16  N..  K.  10  E.,  but  are  a  little  lower  than  that  of  profile  (c  1) 
where  this  line  crosses  that  on  Sec.  21,  and  seem  rather  low  near 
Caseville.  but  nearly  riaht. 

(d)  .    Miscellaneous  data  from  Mr.  W.  L.  Webber. 

The  east  part  of  Sec.  5,  T.  16  X.,  R.  10  E.  has  been  contoured  and 
at  the  center  of  the  northeast  quarter  the  altitude  is  56.4  feet  (638.4 
feet  A.  T.)  the  altitude  of  Mud  Creek  on  the  north  line  of  Sec.  4  is 
37.4  feet  (=  618.9  feet  A.  T.).  on  S.  line,  41.8  feet  (=  623.3  feet  A.  T.). 
Farther  altitudes  will  be  found  in  connection  with  coal  explorations 
in  Sees.  17  and  18,  T.  15  X.,  R.  9  E.,  and  in  Sec.  5.  T.  16  X.,  R.  10  E., 
Sees  35  and  36,  T.  17  N.,  R.  9  E. 

(e)  .  Abstract  of  cross-section  leveled  with  wye  level  at  Port 
Austin,  on  August  6,  1886,  by  A.  C.  Lane  and  C.  A.  Davis,  south 
on  center  line  of  sections  30  and  31,  Port  Austin  Township,  T.  19  X., 
R.  13  E. 
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From  water's  edge. 


Water  level  that  day  

Top  of  old  beach  crest  

Level  of  Spring  street,  and  usual  datum  for 
our  barometric  work,  assumed  as  592  feet 
above  tide,  i.  e.,  10  feet  above  lake  datum, 
but  very  probably  nearer  12  feet  


First  dune  line  or  ridge  (height  of  instrument 

when  on  this  bench,  30.80)  

Hollow  back  of  first  ridge  

Level  of  dunes  to  east  and  west  


Bench  back  of  dunes,  water  line  at  level  of 
Lake  Algonquin  

Front  of  back  bench    

End  of  sand  

Washington  street  

Bottom  of  flat  swampy  plain  

The  instrument  is  about  on  level  of  the  Bi-oken 
Rocks  bench  at  a  height  of  


At  39.49  a  fence  

Bench  mark  on  beech  tree  at  47.28  

No  higher  land  east  or  west  

Crest  of  little  beach-ridge,  shingle  

Hollow  back  of  same  

Slabs  of  rock  at  .54..50  chains  

Instrument  on  a  beach  line  at  an  altitude  of.. 
All  along  here  woodehucks  throw  up  slightly 
fossiliferous  flagstones  


Sandstone  outcrops  on  hill  west.... 
Height  of  instrument  on  top  of  hill : 
top  of  hill  is  about  


13.91 
14.75 
13.64 
14.00 
20  97 


14.16 

36.72 
30 

23.26 
27.37 
42.02 


.54.25 
57.27 
.56.63 
60.03 
69.15 


Another  line  of  levels  referred  to  below  was  run  by  Locke  level 
near  Bayport  up  to  40  feet,  and  gave  practically  the  same  altitudes 
for  terraces,  etc. 

(f).    Altitudes  obtained  by  barometer. 

The  altitudes  of  the  points  given  below  were  obtained  by  baro- 
meter in  the  course  of  our  bicycling  trips_,  but  are  picked  stations 
which  have  been  occupied  at  least  twice,  with  harmonious  results 
after  allowing  for  the  weather  variation.  The  altitude  is  not  sup- 
posed to  be  more  than  five  feet  out,  one  way  or  the  other,  suppos- 
ing that  the  nearest  railroad  levels  are  correct. 
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T.  19  N..  R.  13  E..  Port  Austin,  N.  E.  cor.  Sec.  37  

T.  18  N..  R.  14  E.,  Huron,  bridge  over  \yillow  creek.  S.  line  of 
Sec.  8  

N.  W.  cor.  Sec.  31  

N.  quarter-post  Sec.  33  

T.  18  N..  R.  13  E.,  Dwight,  N.  W.  cor.  Sec.  36  

N.  W.  cor.  Sec.  21  

ir.  W.  cor.  Sec.  31  

T.  18  N..  R.  12  E..  Hume.  E.  quarter-post  Sec.  12  

S.  E.  cor.  Sec.  13  

N.  E.  cor.  Sec.  31  

S.  E.  cor.  Sec.  34  

T.  18  X..  R.  11  E..  Lake.  X.  W.  cor.  Sec.  36  

T.  17  X..  R.  1.5  E..  Rubicon.  S.  E.  cor.  Sec.  33  

T.  17  X..  R.  14  E..  Bloomfleld.X.  quarter-post  of  Sec.  9,  (Redman) 

State  road  on  X.  line  Sec.  20  

S.  W.  cor.  Sec.  31,  Rapson  

T.  17  X.,  R.  13  E.,  Lincoln.  N.  W.  cor.  Sec.  7  

N.  W.  cor.  Sec.  18  

X.  W.  cor.  Sec.  30  

X.  W.  cor.  Sec.  31  

S.  E.  cor.  Sec.  31  

T.  17  X.,  R.  12  E.,  Meade,  S.  E.  cor.  Sec.  6.  

S.  W.  cor.  Sec.  36  

T.  16  X..  R.  14  E .  Sigel,  N.  W.  cor.  Sec.  18  

Verona  Mills.  W.  quarter-post  Sec.  19  

T.  16  X..  R.  13  E..  Verona.  E.  quarter-post  Sec.  10  

X.  W.  cor.  Sec.  7  

X.  W.  cor.  Sec.  18  

Summit  of  hill  on  X.  E.  H  Sec.  23  

Bridge  over  Willow  creek.  Sec.  23  

W.  quarter-post  Sec.  22  

W.  quarter-post  Sec.  21  

S.  W.  cor.  Sec.  3b  

S.  W.  cor.  Sec.  31  

T.  16  N.,  R.  12  E.,  Colfax,  S.  E.  cor.  Sec.  6  

T.  16  X..  R.  11  E..  Oliver.  S.  W.  cor.  Sec.  1  

S.  W.  cor.  Sec.  35  

T.  1.5  X..  R.  16  E..  White  Rock,  S.  W.  cor.  Sec.  7  

T.  15  X..  R.  15  E..  Sherman,  crest  of  ridge  east  side  of  Sec.  7.... 

S.  E.  cor.  See.  35  

T.  15  X.,  R.  14.  E..  Paris.  S.  W.  cor.  Sec.  3  

S.  W.  cor  Sec.  18  

S.  W.  cor.  Sec.  19  

S.  W.  cor.  Sec.  18  

T.  15  N..  R.  13  E.,  Bingham.  S.  W.  cor.  Sec.  19  

S.  W.  cor.  Sec.  31  

T.  15  N..  R.  11  E..  Grant.  S.  W.  cor.  Sec.  7  

S.  W.  cor.  Sec.  15  

T.  15  X..  R.  10  E..  Sebewaing.  Voltz  creek  bottom,  on  E.  side  of 
Sec.  14  

X.  side  of  Sec.  14  


60 

642 

33 

615 

116 

698 

99 

681 

119 

701 

71 
108 

653 
690 

57 

639 

657 

37 

619 

85 

667 

46 

628 

96 

678 

131 

713 

130 

712 

160 

742 

126 

708 

133 

715 

143 

725 

163 

745 

166 

748 

68 

650 

146 

728 

192 

774 

238 

820 

168 

750 

166  X 

748 

188 

770 

273 

855 

182 

764 

200 

782 

185 

767 

234 

816 

177 

759 

111 

82 

693 
664 

141 

723 

72 

654 

174 

756 
680 

98 
195 

777 

222 

874 

216 

808 

196 

778 

225 

807 

2M 

836 

662 

p- 

707 

48 

630 

41 

623 

§  6.    The  hill  district. 

Glancing  npon  the  contour  map  previously  described  it  will  be 
apparent  that  Huron  county  may  be  divided  into  two  districts,  the 
hill  district  and  the  plain  district.  The  latter  may  be  subdivided 
into  still  smaller  districts,  but  the  former  makes  a  well  defined 
core  or  back  bone  to  the  county.  It  occupies,  as  is  apparent  from 
the  map,  a  roughly  triangular  area  extending  from  the  north  part 
of  Verona  township  south-southeast  to  Parisville  and  west-south- 
west to  Gagetown.  In  it  head  all  the  important  streams  of  the  v 
county.  It  is  higher  to  the  east  than  to  the  west  and  while  the 
valleys  range  from  165  to  213  feet  above  lake  or  745  to  795  feet 
above  tide,  the  hills  rise  frequently  to  some  850  feet  above  tide 
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(occasionally  some  thirty  feet  more),  or  up  to  100  feet  above  the 
valleys.  It  is  characteristic  that  it  is  not  iiat  like  the  surrounding 
plain,  whose  smooth  slope  indicated  by  continuous  contours  is  only 
broken  by  stream  valleys,  but  that  it  has  hills  of  gravelly  clay  or  till, 
whose  contours  may  have  been  cut  into  by  running  water,  but  are 
not  principally  determined  by  it.  The  streams  which  flow  between 
them  often  flow  in  valleys  which  are  ridiculously  large  for  the 
present  size  of  the  streams.  This  is  particularly  true  of  Cass  river 
and  Willow  Creek.  Sometimes*  undrained  hollows  will  be  found  on 
the  top  of  the  hills  with  pools  of  water  standing  in  them  in  the 
wetter  ]iai't  of  the  year. 

Frequently  these  hills  are  terraced  on  their  sides  with  sand  and 
gravel,  and  especially  as  wi-  go  toward  the  margin  of  the  district 
the  clay  ridg«'S  become  lower  and  lower  and  are  gradually  buried 
under  a  mantle  of  gravel  and  sand  which  marks  the  boundary  of 
this  region.  These  till  ridges,  as  may  be  seen  at  a  glance  at  the 
map  (Plate  VIII),  are  the  chief  watersheds  in  this  region.  In  several 
places  the  main  ridges  border  upon  swamps  which  are  long  and 
narrow  like  river  valleys.  In  other  cases  the  ridges  may  actually 
enclose  quite  considerable  marshes  without  any  outlet.  Such  a 
case  is  seen  on  Sec.  18,  Sheridan.  T.  15  X..  R.  12  E..  and  these  sand 
plain  gravels  or  ridges  are  also  well  developed  on  Sec.  30  and  else- 
where in  the  same  township,  where  gravel  also  occurs  in  the  form 
of  eskers.  Beside  the  hills  of  gravelly  clay  and  these  gravel  de- 
posits, this  region  contains  also  considerable  swamp  laud.  The 
streams  have  not  had  time  to  cnt.proi)^r  drainage  channels,  but  it  is 
all  easily  drained,  and  such  old  swamps,  with  a  soil  composed  of 
muck  underlain  by  shell  marl  are  most  fertile  land.  The  shell  marl 
points  to  a  time  when  these  swamps  were  lakes,  and  one  such  lake 
is  left  in  this  district— Mud  Lake— on  Sec.  32,  Grant.  T.  X..  R.  11 
E.  Apparently  it  would  not  be  diflicult  to  drain  tliis  off  into  the 
Shebeon  or  into  the  Pigeon.  Probably  the  shortest  way  of  drain- 
ing the  whole  lake  would  be  into  the  former.  This  district  is  partic- 
ularly ill  adapted  for  the  system  of  rectangular  roads  which  obtains, 
as  it  involves  a  great  deal  of  unnecessary  up  and  down  hill.  It  is 
easy  to  see  valleys  on  the  map  which  would  make  easy  grades  be- 
tween the  important  points.  The  kames  and  askers  furnish  excel- 
lent road  material,  in  their  gravels,  and  are  very  poi'ous  so  that  they 
dry  easily. 


*e.  g.  on  top  of  a  hill  on  Sec.  34,  Verona,  T.  16  N.,  R.  13  E. 
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§  7.    The  plain  district. 

Around  the  rolling  nucleus  of  low  hills  just  described  sweeps  a 
great  plain,  which  includes  most  of  the  county.  While  to  the  eye 
it  often  appears  perfectly  level,  except  for  the  stream  valleys  carved 
in  it,  in  reality  it  falls  gently  but  steadily  with  no  prominent  ex- 
ceptions, in  all  directions  away  toward  the  lake,  until  it  is  about 
20  feet  above  it  on  the  west  side  and  about  40  on  the  east  side.  The 
stream  valleys  are  usually  not  over  20  to  30  feet  deep,  growing 
deeper  toward  the  margin  of  the  plain,  and  not  over  500  feet  wide, 
and  have  steep  sides  showing  their  youth.  It  is  a  typical  coastal 
plain. 

The  soil  is  usually  a  calcareous  gravelly  clay,  diversified  with  low 
ridges  of  sand  and  gravel,  or  bouldery  streaks  which  run  in  a  general 
way  parallel  to  the  contour  lines.  To  one  standing  on  a  prominent 
hill  near  Verona,  and  looking  east  the  contrast  of  the  two  districts 
is  as  plain  as  in  the  diagram  in  Frye's  Physical  Geography,  p.  12. 

In  this  plain  the  streams  have  not  developed  marked  ox  bows  and 
the  only  thing  that  can  be  called  lake  is  a  small  body  of  water  on  the 
south  side  of  Sec.  11,  Chandler,  T.  17  N.,  K.  11  E.,  which  will  doubt- 
less soon  be  drained  into  the  Pinnebog  or  otherwise.  As  the  streams 
cut  through  these  surface  sands,  which  usually  also  line  the  borders 
of  their  valleys  as  a  continuous  fringe  of  delta  deposit,  down  to  the 
underlying  clay,  springs  are  likely  to  appear  along  the  point  of  con- 
tact of  overlying  sands  and  clay.  Excellent  examples  of  this  action 
may  be  seen  on  the  road  along  the  west  line  of  White  Kock  town- 
ship. T.  15  X..  K.  16  E. 

Along  the  upper  part  of  this  district  some  stimulus  to  the  stream 
drainage  is  required,  and  so  we  find  from  Brookfleld  around  through 
Lincoln  to  Paris,  a  strip  of  country  which  is  artificially  drained.  As 
we  get  toward  the  margin  of  this  district  the  trenches  cut  by  the 
streams  deepen.  The  Pinnebog  and  Pigeon  have  both  cut  down 
about  as  far  as  possible  and  are  now  vigorously  at  work  lowering 
their  grade  by  lengthening  their  course  by  enlarging  their  curves, 
swinging  from  bank  to  bank  of  the  flood  plain  and  cutting  away  at 
the  bluffs  which  border  it.  Corpare  Sec.  26,  Chandler  Tp.  and  Sec.  25 
Winsor.  On  the  east  side  of  this  district,  the  streams  flow,  "in  their 
narrow  U-shaped  trenches,  quite  regularly  down  the  slope  direct  to- 
ward the  lake."  There  are  an  extraordinary  number  of  nearly  paral- 
lel streams.    This  is  also  true  on  the  west  side  for  the  upper  part  of 
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the  slope,  but  then  the  streams  are  all  deflected  to  the  north.  This 
deflection  is  probably  in  part  due  to  the  tendency  already  noticed 
for  the  sand  to  work  back  against  the  shore  and  along  to  the  north- 
east on  this  side  of  the  county  (§  3)  so  that  there  was  a  tendency  to 
deflect  the  streams  with  the  sand  that  they  themselves  bear  down 
and  turn  their  mouths  northward.  When,  for  example,  the  mouth 
of  the  Pinnebog  was  near  Elkton  the  sand  brought  down  by  it  and 
by  its  neighbor  the  Pigeon  and  by  other  streams  immediately  south, 
was  deposited  abundantly  where  we  now  find  it  on  Sees.  16  and  17, 
Oliver,  and  may  have  assisted  in  turning  its  course  northward. 
There  are,  however,  faint  irregularities  of  the  old  plain,  undulations 
in  the  ground  moraine,  as  it  is  called,  which  have  also  assisted  in 
this  action. 

Some  of  the  exceptions  to  the  general  slope  of  the  plain  deserve 
notice.  There  are  a  number  due  to  the  outcrop  of  the  Marshall 
sandstone.  Section  31,  Port  Austin,  and  Sees.  3  and  13,  Dwight, 
Sees.  6  and  15  Meade,  and  perhaps  also  the  southeast  part  of  Lake 
show  low  rises  due  to  this  cause.  Certainly  in  the  southeast  part 
of  Huron  and  Bloomfleld  townships  the  eastern  border  of  the 
Willow  valley  is  marked  by  the  buried  sandstone  escarpment.  The 
limestones  of  the  Bayport  quarries  are  also  marked  by  a  ridge.  In 
the  northwest  part  of  Rubicon  township  a  number  of  streams  seem 
to  have  been  grouped  together  behind  the  heavy  gravel  ridges  be- 
tween 128  and  108  feet  above  the  lake.  Finally  through  the  central 
part  of  Chandler  and  the  northwest  part  of  Oliver  is  a  low  ridge  of 
the  ground  moraine. 

§  8.    The  eastern  shore. 

Sometimes,  as  just  north  of  White  Rock,  we  find  the  plain  descend- 
ing until  it  drops  oft"  to  the  lake  in  a  single  bluff,  but  more  often  we 
find  a  narrow  zone  w  ith  a  stairlike  structure,  a  sea  cliff  and  a  bench, 
then  another  cliff  and  another  bench.  The  top  of  the  first  cliff  is 
from  30  odd  to  nearly  100  feet  above  the  lake  (Sec.  3,  Huron  town- 
ship)— but  its  bottom  is  pretty  uniformly  about  25  feet  above.  The 
bench  slopes  from  this  level  pretty  gi'adually,  though  with  lesser 
breaks  down  to  about  17  feet  above  the  lake.  Often  there  is  a  sheer 
cliff  from  this  level  down,  but  at  times  there  is  another  bench  10 
feet  above  lake  (592  feet  A.  T.).  The  risers  of  this  flight  of  stairs 
are  often  too  steep  for  cultivation,  and  often  stony.  The  benches 
also  are  often  stony,  especially  toward  Point  aux  Barques,  but  were 
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originally  marshy.  "The  upper  terrace  follow  s  the  shore  line  closely 
nearly  all  the  way.  About  three-fourths  of  a  mile  north  of  White 
Rock  the  lake  has  cut  away  the  intervening  space  and  is  now  under- 
mining and  cutting  back  the  bluff,  which  is  here  about  40  feet  high, 
composed  entirely  of  clay.  The  section  shows  about  35  feet  of 
typical  till, — blue  clay,  filled  with  pebbles  and  cobble  stones;  above 
this  three  to  five  feet  of  yellowish  clay  stratified,  includes  some 
sands;  above  this  about  one  foot  of  soil."  This  upper  terrace  is  cut 
by  numerous  short  streams  "which  set  back  but  a  little  into  the  up- 
lands, and  cut  steep  narrow  channels  in  the  edge  of  the  plateau. 
The  principal  shore  road  runs  generally  just  above  or  at  the  foot 
of  the  upper  bench. 

§  9.    The  western  shore. 

This  district  is  much  more  important  than  the  eastern,  but  has 
about  the  same  limits  of  altitude.  Beginning  at  the  north  extremity 
of  the  county  around  Point  aux  Barques,  there  is  a  practically  con- 
tinuous ridge  of  knobs  of  shifting  dune  sand,  which  continues, 
swinging  from  point  to  point,  like  draped  festoons,  clear  to  the 
southwest  edge  of  the  county.  Exceptionally  high  knobs  rise  more 
than  40  feet  above  lake  (620  feet  A.  T.).  but  in  general  the  top  of  the 
ridge  is  a  little  above  30  feet  above  lake  level.  The  ridge  road 
crossed  by  the  railroad  lines.  §  5.  (b.  1)  and  (b.  3).  at  29  feet  is  on  the 
lower  part  of  this  ridge.  On  the  landward  side  this  ridge  is  backed 
by  extensive  swamps,  now  rapidly  being  artificially  drained,  at  an 
altitude  of  20  to  24  feet  above  lake  (606  feet  A.  T.).  On  the  lake  side 
we  find  a  series  of  sand  and  gravel  beach  ridges,  interspersed  with 
swamps.  Their  altitudes  are  quite  various,  depending  somewhat 
upon  how  far  the  ridges  pass  into  dune  sand  aggregates.  There  are 
in  places  at  least  four  or  five  distinct  strand  lines.  Occasionally,  as 
around  Sebewaing,  on  very  gentle  slopes  the  sand  ridges  are  spread 
so  far  apart  that  the  normal  soil  of  gravelly  clay  appears  between 
them,  but  in  general  the  soil  of  this  district  is  too  sandy  to  be 
good,  except  in  the  swamps,  and  the  roads  are  very  heavy  in  dry 
weather,  and  best  mended  by  clayey  material  such  as  the  burnt 
waste  from  the  coal  mines.  A  characteristic  feature  of  this  district 
is  the  number  of  ponds.  These  are  of  the  lagoon  type,  i.  e.,  origin- 
ally portions  of  the  lake  shut  off  by  barrier  beaches.  Such  was  Bear 
Lake,  near  Port  Austin  (now  drained,  by  cutting  through  the  bar- 

♦Quotations  are  from  notes  of  C.  H.  Gordon. 
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rier  beach)  on  the  south  line  of  Sec.  25.  Back  of  Hat  Toint  was 
one,  and  a  filled  np  cranberry  bog  indicates  another.  Rush  Lake  is 
the  largest  of  this  type.  Around  Oak  Point  are  about  three  more. 
Around  Sand  Point  some  seven  more,  while  beds  of  calcareous  marl 
under  some  of  the  swamps  point  to  the  former  existence  of  others. 
Probably  before  this  report  is  printed  some  of  those  enumerated 
will  also  be  converted  into  marshes  by  natni(\  or  into  fertile 
meadows  by  man.  On  Charity  Island  was  one  of  thcs(-  jxinds  w  liicli 
had  temporarily  disappeared,  when  I  visited  it,  leaving  a  bare  ex- 
panse of  cracked  and  treacherous  mud.  Were  Lake  Huron  to  remain 
at  its  present  low  level  a  few  seasons  more  a  growth  of  vegetation 
would  cover  the  pond  permanently.  In  all  we  may  reckon  some  six- 
teen of  these  "lagoon"  ponds  at  least,  in  altitudes  ranging  from 
22  feet  above  the  lake  (GOi  feet  A.  T.)  down — (juite  a  contrast  to  the 
practically  pondless  condition  of  the  other  districts  described. 

The  origin  of  these  ponds  were  very  beautifully  shown  in  re- 
visiting Oak  Point  in  1897,  and  the  effect  of  the  oscillations  of  lake 
level  on  a  growing  shore.  The  fall  of  water  level  culminating  in 
1895  had  added  a  broad  smooth  slope  some  400  feet  wide  to  the 
shore  of  the  southwest  side  of  Oak  Point.  The  recent  rise  had  not 
gained  on  this  smoothly,  but  had  rolled  up  a  ridge  ahead  of  it,  two 
feet  high  or  so,  behind  which  shallow  ponds  were  formed^  and  the  in- 
dications were  that  the  lake  would  never  regain  what  it  had  lost,  but 
that  a  new  ridge  at  about  equal  height  would  be  added  to  the 
shore  and  would  be  separated  from  the  old  shore  ridge  by  a  swamp 
and  by  shallow  ponds  quickly  converted  to  swamp.  The  whole  space 
back  of  Oak  Point  to  the  road  is  tilled  with  alternations  of  ridge 
and  swamp  to  be  explained  this  way,  though  mainly  referrible  to 
the  higher  20-25  foot  level.  These  ponds  are  a  great  resort  for  wild 
fowl.  The  soundings  of  the  Lake  Survey  show  that  if  Lake  Huron 
were  to  drop  12  to  18  feet,  several  more  similar  ponds  would  be 
formed. 

In  this  district  the  principal  streams,  the  Piunebog,  the  Pigeon 
and  Sebewaing  wind  round  in  oxbows  characteristic  of  streams 
which  have  had  much  time  for  lateral  erosion  and  the  stronger 
streams  of  the  eastern  side  had  time  while  the  lake  stood  at  the 
25  foot  level  to  cut  their  main  valley  down  to  this  level  and  are 
8-Pt.  II. 
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also  winding  in  oxbows,  for  instance  the  Allen  on  Sec.  24,  Sand 
Beach  Tp. 

South  of  Sebewaing  and  for  a  short  distance  on  the  road  from 
Port  Austin  to  Port  Crescent,  the  dune  line  is  interrupted  and 
the  shore  type  is  rather  that  of  a  cut  terrace  like  that  on  the  east- 
ern shore. 


CHAPTER  lY. 


FORMATION  OF  THE  SOILS  AND  SUBSOILS  (PLEISTOCENE). 
§  1.    The  preglacial  surface. 

The  materials  of  which  the  earth's  crust  is  composed  are  in  Huron 
county  so  sharply  divided  into  consolidated  and  unconsolidated 
shale,  sandstone  or  limestone  rock,  on  the  one  side,  and  soils  and 
subsoils,  i.  e.,  gravels,  sands,  hardpan  and  the  like  on  the  other,  and 
the  physical  geography  just  described  is  so  dependent  upon  the 
latter  that  it  seems  wise  to  invert  the  historical  order  and  describe 
the  latter  first.  During  the  interval  btween  the  formation  of  the 
latest  rocks  represented,  and  the  earliest  of  the  unconsolidated  de- 
posits of  the  Pleistocene,  a  long  time  elapsed.  Geological  periods 
passed  away,  and  the  surface  of  the  rocks,  after  having  been  buried 
beneath  we  know  not  what  other  sediments,  was  for  a  long  time  a 
land  surface.  By  subtracting  the  depths  to  rock  in  different  wells 
from  their  altitudes  as  obtained  on  Plate  YIII,  we  are  able  to  get  a 
number  of  altitudes  of  the  rock  surface^  and  thus  draw  a  contour 
map  of  that  surface,  which  is  naturally  much  more  hypothetical 
than  the  map  of  the  present  surface.  This  is  illustrated  by  Plate 
VII.  Though  the  present  hill  district  is  supported  upon  an  elevated 
sandstone  platform  of  underlying  rock,  we  notice  some  other  fea- 
tures of  the  rock  surface  which  are  not  at  all  indicated  by  the  present 
topography.  One  such  completely  disguised  feature  is  the  old  river 
valley  which  runs  through  the  township  of  Winsor  and  the  south- 
west part  of  Sebewaing.  While  the  exact  location  of  the  river 
valley  is  somewhat  uncertain,  its  general  course  is  not  and  is  quite 
in  accord  with  numerous  other  river  valleys  of  similar  nature  known 
elsewhere  in  Michigan,  and  indicated  by  sudden  irregularities  in  the 
drift.* 

*In  Hillsdale  county.  H.  P.  Parmelee.  has  noted  such  a  river  valley  and  described 
it  in  a  paper  read  before  the  American  Association  and  from  the  records  sent  us 
by  well-drillers  another  passes  close  to  Jonesville  in  the  same  county.  Farther 
indications  of  such  valleys  are  found  near  Alma,  Midland,  Saginaw,  Unionville 
and  elsewhere. 
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§  2.    The  ice  age.    (Glacial  epoch.) 

We  can  see  from  these  vallevs  that  at  one  time  the  base  level 
of  erosion,  i.  e.,  the  water  level  down  toward  which  the  streams  were 
cutting,  was  much  lower  than  the  present  lake  surface.  Such  buried 
river  channels  taken  together  with  others  outside  tlie  county,  raise 
in  the  mind  the  strong  presumption  that  the  land  at  one  time  stood 
higher  than  at  present.  This  higlier  elevation  mav  have  had  some 
influence,  as  well  as  a  number  of  other  causes  which  have  been  sug- 
gested, in  bringing  on  the  accumulation  of  ice  that  followed.  Even 
in  the  tropics  high  mountains  are  now  covered  witli  jierpetual  snow, 
and  as  we  pass  north  to  the  temperate  regions  this  perpetual  snow 
line  lowers.  If  now  a  large  portion  of  a  country  is  raised  up  to  this 
level  of  jjerpetual  snow  and  the  precipitation  is  greater  than  that 
gradual  wasting  whicli  takes  place  even  in  the  coolest,  dry  winter 
days,  we  have  the  conditions  necessary  for  producing  a  vast  ice 
sheet,  for,  once  such  a  state  of  things,  is  established,  the  white 
surface  of  the  snow  tends  to  reflect  the  arrows  of  the  sun's  heat 
like  a  polished  buckler,  and  thus  perpetuate  its  own  existence.  In 
other  words,  perpetual  snow  once  established  will  tend  to  accumu- 
late, and  slowly  compacting  into  ice  will  creej)  like  a  vast  flood  of 
stiff  treacle  far  beyond  the  original  area,  just  as  it  now  does  in 
Alaska.  Switzerland  and  Greenland,  until  it  meets  a  climate  mild 
enough  to  melt  it  away  as  fast  as  it  advances.  Xow,  we  find  that 
over  the  surface  of  Huron  county  there  advanced  such  a  sheet  of  ice 
from  the  north,  filling  up  and  evening  off  the  valleys  with  a  mass 
of  miscellaneous  material  derived  from  farther  north,  and  dragged 
along  or  carried  with  the  ice.  The  rocks  and  sand  in  the  base  of 
this  moving  sheet  of  ice  scratched,  or  polished  and  grooved  the 
underlying  rocks  (PI.  IX).  Evidence  concerning  tlie  motion  of  the  ice 
is  derived  from  two  sources:  (1)  tlie  direction  of  the  strife, — N.  10°  W. 
at  the  Bayport  quarries  (observations  around  Port  Austin  are  not  so 
trustworthy  as  they  may  be  due  to  shore  ice).  (2)  Character  of 
transported  material.  The  boulders  on  the  surface,  e.  g.,  tlie  chiasto- 
lite  schist  on  Xortli  Island,  and  the  material  of  beach  sands  and 
gravel  are  not  to  be  implicitly  trusted,  since  they  may  have  been 
transported  by  floe  ice  (Chapter  III.  §  3),  when  the  ,lake  was  at  a 
higher  stage.  For  example,  in  the  collection  of  Mr.  Webber,  there 
is  a  small  piece  of  native  copper,  which  is  said  to  have  been  ob- 
tained from  the  stripping  of  the  Bayport  limestone  quarry,  and  most 
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likely  was  thus  transported.    But  the  boulders  of  the  till  and  the 
high  level  gravels,  the  overwash  of  the  moraines  and  kames,  and 
the  very  first  lake  beaches  formed  at  the  immediate  margin  of  the 
ice  are  more  valuable. 
Important  observations  are: 

Sec.  23,  Verona.  Altitude  857,  A.  T.  hornblendic  rocks,  qnartz- 
ites,  granites  pink  and  white,  also  white  chert  apparently  from  the 
Corniferous  or  Upper  Helderberg,  black  calcareous  shales,  with 
trilobites  apparently  Phacops  hiifo  of  the  Traverse,  reddish-green 
sandstone,  like  the  grindstone,  etc. 

Sec.  35,  Caseville,  Atrt/pd  n  tictihtris  in  blue  shale; 

Sec.  4,  Winsor,  and  Sec.  iMi,  (  nscville,  gypsum  in  drift.  Accord- 
ing to  Davis  on  northernmost  ridge  are  granite,  volcanic  and  trap 
rocks,  pyritiferous  quartz,  also  found  near  Badaxe  and  now  in  Post 
and  Seeley's  bank;  jasper  conglomerate  quite  frequent. 

This  sheet  of  ice  extended,  as  we  know  from  the  reports  of  adja- 
cent States,  down  to  the  Ohio  River,  carrying  with  it  fragments 
from  the  Laurentian  highlands  of  Canada,  whence  it  is  called  the 
Laurentide  glacier.*  Fragments  of  Canadian  rock  are  frequent 
in  Huron  county^,  and  the  Corniferous  cherts  and  Hamilton  rocks 
which  outcrop  north  of  the  county,  beneath  Lake  Huron  as  well  as 
in  Canada.  Such  a  glacial  ice  sheet  would  naturally  be  very  much 
affected  by  the  weather,  the  front  being  wasted  away,  or  retiring 
during  a  series  of  dry  seasons,  or  hot  seasons,  just  as  present 
glaciers  are  found  to  be  advancing  and  receding.  In  this  respect 
it  would  be  like  the  lakes  whose  fluctuations  extending  over  a  series 
of  years  we  have  already  described.  Such  fluctuations  have  been 
noted  extending  over  many  miles  by  geologists  who  have  followed 
along  the  margin  of  the  glacier.  One  evidence  of  such  recession 
and  re-advance  is  found  in  forest  beds,  i.  e.  indications  of  soil  and 
wood,  between  two  beds  of  gravelly  clay  or  till,  laid  down  be- 
neath an  ice  sheet.  Huron  county  is,  however,  far  back  from 
the  ice  front  and  we  have  no  clear  indications  that  such  a 
retreat  of  the  ice  occurred  until  after  the  last  period  of  farthest 
advance,  which  has  been  called  the  Wisconsin  advance  or  stage.f 

*Maps  of  the  extent  of  this  glacier  are  very  numerous.  One  of  the  more  recent 
is  by  Leverett  and  Taylor  in  the  Inland  Educator,  August,  1896,  p.  29,  American 
Geologist,  Vol.  XXIV,  Plate  II. 

tLeverett  Inland  Educator,  loc.  cit. 
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In  a  few'well  records  as  in  Sees.  11,  17,  18,  30,  Sebewaing,  beds  of 
sand  or  gravel  are  reported  under  hardpah.  i.  e.,  till  or  gravelly 
clay,  but  in  many  cases  these  are  just  above  the  rock  and  may  have 
antedated  the  first  advance  of  the  ice  sheet.  In  Sec  3,  Brookfield, 
chips  were  brought  up  at  130  feet  and  in  boring  some  other  wells 
chips  have  been  found.  This  is  again  near  the  bottom,  and  may  have 
antedated  the  glacial  period,  as  it  is  in  a  well  in  an  old  valley,  where 
the  soil  and  trees  before  the  ice  would  be  especially  likely  to  be 
overriden.  A  piece  of  wood  was  taken  from  the  pump  of  the  Bad- 
axe  waterworks,  but  all  the  experts  to  whom  I  have  shown  it 
unanimously  agreed  that  it  must  have  found  its  way  there  ac- 
cidentally. 

§  3.    The  ice  retreat.    (Early  Champlain  or  terrace  epoch.) 

The  ice  period  is  then,  as  regards  Huron  county  so  far  as  we 
know  practically  a  unit,  and  we  cannot  here  learn  how  long  the 
ice  rested  upon  the  county  nor  what  was  happening  in  the  mean- 
time. History  is  a  record  of  current  events,  and  there  can  be 
no  history  when  nothing  happened,  while  the  county  slept  beneatli 
the  white  sheet  of  ice.  History  begins  again  when  the  ice  retired 
from  the  county.  But  to  make  the  story  clear  we  must  begin  before 
the  retiring  ice  front  had  reached  Huron  county.  For  our  knowl- 
edge of  the  course  of  events  at  this  time  we  are  much  indebted  to 
Mr.  F.  B.  Taylor,*  from  whom  we  thankfully  borrow  a  plate  of  the 
thumb  region  to  illustrate  the  course  of  events  of  this  epoch, — the 
Champlain  or  Terrace  epoch, — Plate  YI. 

As  the  sheet  advanced^  it  followed  the  low  grounds  like  a  river  and 
as  it  melted  back  it  lingered  in  the  valleys  longest.  One  lobe  of  the 
ice  went  down  Saginaw  Bay  and  another  down  Lake  Huron,  and 
•they  met  in  a  thinner  sheet  over  the  sandstone  ridge  which  pro- 
jects into  Huron  county.  Lakes  formed  in  front  of  the  melting  ice 
and  drained  off  to  the  Mississippi.    In  front  of  the  Saginaw  lobe 

*A  very  clear  and  popular  resume  is  "A  short  History  of  the  Great  Lakes,"  No. 
X  of  the  Studies  in  Indiana  Geography,  issued  by  the  Inland  Publishing  Company, 
Terre  Haute,  Indiana,  May.  1S97,  well  illustrated,  and  especially  to  be  recommend- 
ed to  teachers.  See  also  article  in  American  Geologist.  Vol.  XXIV,  July.  1S99.  This 
report  we  in  general  follow.  A  technical  paper,  with  references  to  the  earlier 
literature,  is  in  Vol.  S,  of  the  Bull,  of  the  Geol.  Soc.  of  America.  Jan.  1S%,  pp.  31-58. 
This  paper  contains  the  plate  of  the  thumb  region,  which  we  reproduce  in  Plate  VI. 
Numerous  earlier  papers  of  Taylor,  Leverett,  Upham,  Tarr.  Gilbert.  Spencer  and 
others  will  be  found  scattered  through  the  American  Geologist,  Bulletin  of  the 
Geological  Society,  and  Am.  Jour,  of  Science.  Particular  attention  may  be  called  to 
Spencer's  popular  paper  in  Appleton's  Popular  Science  Monthly,  June.  18S6.  "How 
the  Great  Lakes  were  Built."  It  will  be  noticed  that  his  views  do  not  agree  with 
Taylor's,  but  the  views  of  the  latter  were  based  particularly  upon  studies  in  Huron 
county  and  neighborhood,  and  I  consider  them  decidedly  more  nearly  correct  in 
reference  to  this  region.  For  a  fuller  description  of  the  earlier  stages  of  the  ice 
retreat  see  also  Sherzer's  report  on  Monroe  county.  Part  I  of  this  volume. 
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a  lake  formed,  called  by  Taylor,  Lake  Saginaw,  which  passed  over 
the  watershed  between  Ashley  and  Bannister,  and  flowed  down  the 
Grand  River  to  a  larger  lake,  which  lay  in  front  of  another  lobe, 
covered  somewhat  more  than  the  southern  part  of  Lake  Michigan, 
and  near  Chicago  drained  oif  to  the  Mississippi.* 

Some  old  shore  lines  of  this  old  lake  are  indicated  on  Plate  VL 
Gradually  the  ice  retreated,  and  Lake  Saginaw  grew  toward  the 
northeast,  and  the  streams  began  to  work  their  way  down  to  it 
from  east,  south  and  west. 

But  before  this,  another  lake  had  formed  in  front  of  the  Erie 
Huron  lobe  of  the  ice  front,  called  by  Taylor.  Lake  Maumee,  which 
drained  bff  past  the  town  of  Fort  Wayne,  down  the  Wabash.  As 
the  ice  front  retreated  it  was  only  a  question  of  time  when  thesei 
two  lakes  would  mingle,  and  it  is  easy  to  foresee  that  their  meeting 
point  would  be  in  Huron  county  or  just  south  of  it.  But  the  level 
of  these  two  lakes  was  not  the  same.  As  we  find  their  water  marks 
at  the  southwest  and  southeast  ends  of  the  hill  district  respectively 
(Plate  VIII),  Lake  Saginaw  was  some  75  feet  below  the  highest 
watermark  on  the  other  side.f 

As  Lake  Whittlesey  and  Lake  Saginaw  were  independent  the 
beaches  of  the  one  cannnot  be  closely  parallel  with  those  of  the 
other, — at  least  it  is  not  to  be  presumed  without  proof  that  the 
permanent  water  stages  of  the  one  were  correspondent  to  those  of 
the  other.  In  a  general  way,  however,  the  two  lakes  were  coeval. 
Taylor  gives  for  altitude  of  the  Forest  Beach  at  Gagetown  76.5  feet, 
but  I  think  that  tlie  gravels  he  probably  had  in  mind  were  deposited 
before  free  water  communication  was  established  around  the  point. 
The  beaches  around  the  outlet  of  Lake  Saginaw  Taylor  gives  as  750 
or  746  above  tide  or  100  feet  above  the  channel  floor  at  Pewamo. 
The  highest  point  of  the  channel  floor  of  the  outlet  must  be,  by  levels 
of  the  Ann  Arbor  line  which  is  about  65  feet  above  Lake  Michigan 

*Leverett,  Bull.  No.  II,  Geol.  and  Nat.  Hist.  Survey,  Chicago  Academy  of  Sciences. 

tNote  the  change  of  topography  at  the  S20  foot,  respectively  740  feet  contour 
lines,  more  particular  observations  are:  Cass  City,  Tuscola  County,  on  broad  ter- 
race (probably  stream  delta),  742  to  748  feet  A.  T. ;  west  line.  Sec.  29.  T.  15  N.,  R. 
11  E.,  Grant,  highest  gravel  deposits,  744  feet  A.  T.,  same  section,  centerline,  top 
of  gravel  bench.  740  feet  A.  T. ;  same  section,  500  paces  E..  1,500  paces  N.,  747  feet 
A.  T.,  also  gravel  bench  on  south  line  of  Sec.  21.  750  A.  T. ;  on  west  line  of  Sec. 
31.  727  feet  A.  T.  On  the  other  side  of  the  hill  district  the  beach  line  is  by  no 
means  so  well  marked,  but  compare  in  Paris  Township:  Sec.  18,  north  line,  front 
of  gravel  bench,  809  feet  A.  T. :  Sec.  20.  north  line,  top  of  gravel  bench  S19  feet 
A.  T. ;  Sec.  31,  sandspur  from  east.  S27  feet,  A.  T. ;  Sec.  34,  north  line,  river  channel, 
swamp,  811  feet  A.  T. ;  Sec.  34.  in  Bingham  township  (see  below),  sand  spit.  809  feet, 
A.  T.  Average  for  Lake  Saginaw  about  the  time  it  reached  Huron  County.  744  feet 
A.  T.  According  to  Taylor,  by  the  evidence  of  the  Duplain  beach  it  was  at  one 
time  20  feet  or  more  higher. 

Probable  altitude  for  Lake  Whittlesey  (large  successor  of  Lake  Maumee).  809  ft. 
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between  Ashley  and  Bannister  (according  to  Spencer  quoted  by 
Taylor,  not  over  100  feet  aboA'e  Lake  Huron),  about  647  feet  above 
tide.  Adding  about  100  feet  for  the  depth  of  water  in  the  channel, 
will  bring  the  altitude  to  that  of  Lake  Saginaw  as  above  given.  The 
Lower  Forest  Beach  is  given  by  Taylor  as  only  about  700  ft.  above 
tide  around  Chapin  and  the  outlet,  in  which  case  the  correlation 
with  the  terraces  in  the  Pewamo  channel  would  not  hold.  But  as 
we  shall  later  see,  there  are  a  number  of  marked  water  levels,  below 
the  Forest  Beach,  especially  the  Grassmere  Beaches,  and  it  is  pos- 
sible that  Taylor  has  lost  track  and  jumped  over  to  the  Grassmere 
Beaches  in  going  between  Gagetown  and  Chapin.  as  he  could  not 
follow  the  beach  continuously.  The  high  beaches  of  the  Pewamo 
channel  may  correspond  with  some  stage  of  Lake  Saginaw  during 
which  the  ice  had  not  melted  back  as  far  as  to  Huron  county.  This 
subject  will  be  considered  later. 

On  the  east  side  of  the  Hill  district.  Taylor  saw  no  signs  of  lake 
level  above  775  feet  above  tide,  but  he  will  remember  that  the 
character  of  the  topography  changes  at  some  distance  above  the 
Forest  beaches,  later  to  be  described.  It  is  probable  that  the 
ice  retreated  rapidly  from  the  heavy  moraine  which  has  its  apex 
in  the  northeast  corner  of  Bingham,  that  the  water  extended  on 
the  east  side  only  for  a  short  time  as  a  long  narrow  sound  in  front 
of  and  between  the  ice  and  its  recently  deserted  moraine,  so  that 
there  was  no  pronounced  beach  line,  and  the  gravels  would  be  hard 
to  distinguish  from  overwash  gravels.  I  frankly  confess  myself  un- 
able always  to  discriminate  between  the  two.  On  Se^.  34,  Bingham, 
i.  e.,  on  the  old  channel  connecting  the  two  lakes,  there  is  a  hill  (267 
feet  above  lake)  849  feet  above  tide  on  which  is  a  well  marked  spit 
809  feet  above  tide.  This  is  quite  certain.  According  to  Taylor 
the  earlier  stage  of  Lake  Maumee  was  about  795  feet  above  tide, 
while  the  later  Lake  Whittlesey,  at  the  time  when  it  reached  nearly 
to  Huron  county  was  800  feet  plus  on  the  Tyre  Ubly  outlet,  while 
other  beaches  were  found  at  817  feet  near  Berville,  825  feet  near 
Almont,  849  feet  near  Imlay  (p.  36).  Taylor  leaves  the  question 
of  the  exact  correlation  of  these  beaches  open,  and  owing  to  the 
fact  that  the  beach  lines  of  these  old  lakes  cannot  be  supposed  ex- 
actly even,  and  that  the  Port  Huron  and  Northwestern  K.  R.  levels 
are,  as  above  mentioned  (Chapter  II,  §  5),  not  as  accurate  as  could 
be  wished,  it  will  probably  be  some  time  before  the  exact  correla- 
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tion  of  these  beaches  can  be  established  with  any  certainty.  Taking 
the  observations  on  Sec.  ^4,  Bingham,  in  connection  with  that  on 
Sec.  31,  Paris,  and  those  further  south  quoted  by  Taylor,  there  seems 
but  little  doubt  that  while  the  water  level  on  the  eastern  side  was 
still  considerably  above  800  feet,  the  ice  front  had  melted  back  to 
the  southern  verge  of  Huron  county.  Then  we  may  suppose  Tay- 
lor's Arkona  Beach  to  be  a  faint  subsequent  stage,  probably  mark- 
ing a  time  when  the  channels  across  the  point  south  of  Verona 
Mills  had  lowered  the  waters  of  the  lake  on  the  east,  Lake  Whit- 
tlesey, so  much  that  their  own  capacity  for  discharge  w^as  cut  down 
and  a  state  of  equilibrium  was  temporarily  established.  The  level 
of  the  lower  lake,  Lake  Saginaw  during  all  this  time,  like  that  of 
most  lakes  with  large  inflowing  and  outflowing  stream,  would 
fluctuate  according  to  the  climate  from  month  to  month  and  from 
year  to  year,  without  much  changing  its  general  level.  Hence  there 
would  be  a  tendency  for  the  waters  to  find  their  way  across  the 
"Thumb"  from  the  waters  on  the  east  to  those  on  the  west.  That 
was  exactly  what  happened.  The  waters  found  their  way  along 
the  valley  now  occupied  by  Black  Eiver  in  Sanilac  county  (see 
Plate  VI)  and  across  the  divide  by  various  shifting  channels  in 
Sanilac  county,  described  by  Taylor^  and  more  fully  noticed  in  Gor- 
don's report  on  Sanilac  county,*  which  we  need  not  therefore  men- 
tion further.  They  are  shown  in  part  on  Plate  VL  The  first 
channel  that  particularly  interests  us  is  one  of  the  strongest  and 
most  permanent  of  all  and  just  enters  Huron  county.  The  rush  of 
waters  came  up  past  Palms  and  Tyre,  scouring  away  the  surface 
"till"  down  to  the  sandstone  floor,  up  through  sections  34  and  35, 
Bingham,  cutting  a  bench  on  the  sharp  hilt  on  section  34  on  the 
west  side  of  the  channel,  and  drawing  it  out  in  a  long  spit  with  an 
altitude  of  about  809  feet.  The  water  level  of  the  lakes  at  those 
times  undoubtedly  varied  from  year  to  year,  and  from  month  to 
month  as  it  does  now,  probably  in  even  more  marked  degree,  as  the 
cold  of  winter  would  have  even  more  effect  in  checking  the  flow  of 
water  from  the  ice  sheet.  But  we  may  safely  take  the  average  stage 
of  water  in  the  river  between  the  two  lakes  at  this  point  as  some- 
where about  810  feet.  But  since  the  stream  had  had  to  flow  30  miles 
or  more  up  north,  following  the  Black  Eiver  valley,  the  level  of  the 
lake  corresponding  to  this  outlet,  may  have  been  a  couple  of  feet 


*Part  III  of  this  volume. 
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higher,  if  the  grade  was  the  same  as  that  of  the  present  Saint 
Clair  Kiver.  The  waters  thus  running  noli'th  probably  met  on  Sec. 
22  a  large  stream  issuing  from  the  melting  ice  sheet  at  the  angle 
between  the  Saginaw  and  the  Huron  lobes,  and  were  deflected  south 
so  as  to  follow  along  the  margin  of  the  Saginaw  lobe  down  the 
present  Talley  of  the  Cass  Eiver.  Any  one  standing  on  any  one  of 
the  hills  overlooking  this  valley,  will  recognize  at  once  that  it  is 
a  great  stream  valley,  vastly  too  large  for  the  little  Cass.  In  the 
mean  time  the  ice  front  remained  nearly  stationary  long  enough  to 
pile  up  on  the  Huron  side  the  ridge  of  gravelly  clay  and  boulders, 
called  a  terminal  moraine,  which  runs  up  in  Bingham  township  from 
the  south  part  of  Sec.  36,  into  Sec.  22;  on  the  side  of  the  Saginaw 
■  lobe  it  piled  up  a  similar  ridge  from  the  soath  part  of  Sec.  31  into 
Sec.  21.  These  moraines  do  not  meet,  and  the  presumption  is  that  the 
gap  was  in  the  first  place  occupied  by  the  stream  from  the  ice  sheet, 
though  at  a  later  stage  in  the  ice  retreat  a  channel  was  found  in 
this  direction  also  for  the  waters  of  the  eastern  lake.  The  height 
of  the  moraine  (about  844  ft.  above  tide)  and  the  pronounced  char- 
acter of  the  Tyre  channel,  shows  that  this  line  was  held  for  some 
time,  but  at  length  the  ice  of  the  Huron  lobe  retreated  some  four 
miles  and  took  up  a  new  position,  extending  from  Sec.  33,  Paris,  into 
Sec.  2,  Bingham.  It  does  not  seem  as  though  the  Saginaw  lobe  re- 
treated at  the  same  time  nearly  so  much,  as  on  that  side  the  mor- 
ainal  ridges  are  piled  close  behind  one  another  (Plate  VIII).  On 
the  east  side  there  are  also  numerous  isolated  rounded  hills  between 
the  two  main  lines,  wliich  may  be  remnants  of  moraines  overriden 
in  a  temporary  advance. 

It  may  be  that  there  was  no  general  marked  retreat  of  the  ice, 
but  that  some  temporary  retreat  was  just  enough  to  let  the  water 
work  back  of  the  moraine  near  Tyre,  and  once  having  opened  a 
channel  for  itself  through  the  southeast  part  of  Paris  Township  it 
would  hold  it  pertinaceously,  even  against  any  temporary  tendency 
for  the  ice  front  to  re-advance.  To  the  Tyre  outlet  was  now  added 
a  new^  channel  well  shown  on  the  map  (Plate  VIII).  It  extends 
from  Sec.  32,  Paris,  to  Sees.  14  and  15,  Bingham,  connecting  the  head 
waters  of  the  Cass  Kiver  and  the  Black  Kiver. 

The  swamp  lying  in  the  old  channel  is  now  drained  by  a  county 
drain.  The  swamp  level  is  now  about  (213)  795  feet  above  tide,  or 
somewhat  higher  than  the  Tyre  channel  (782  feet  A.  T.),  and  the 
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water  level  was  at  least  801  feet  A.  T.  and  probably  more.*  It  may 
have  caused  slight  drop  from  the  level  when  the  south  or  Tyre 
channel  alone  was  working,  but  it  is  within  the  range  of  error  of 
our  barometric  observations.  The  water  still  had  to  find  its  way 
up  by  way  of  the  Black  Kiver,  and  a  heavy  moraine  ridge  was  built 
along  this  liue,t  rising  to  about  S(i4  feet  above  sea  level.  But  finally 
the  ice  front  was  withdrawn  from  this  line.  The  ridge  of  till  or 
gravelly  clay  strewn  with  boulders  wast  more  or  less  covered, 
"aproned."  with  gravels  washed  on  to  it  from  the  ice,  and  the  water 
either  gathered  in  pools,  like  the  Merjelen  See  of  Switzerland,  be- 
tween the  ice  sheet  and  the  moraine  ridge,  or  worked  in  from  Lake 
T^Tiittlesey  on  the  south.  At  this  time  the  ridges  marking  the 
stages  of  retreat  of  the  ice  seem  to  have  been  out  of  water  to  the 
northwest  and  to  have  passed  under  water  to  the  southeast,  for 
these  ridges  seem  much  sharper  when  laid  down  in  the  air  than 
•  when  laid  down  under  water,  and  we  have  for  example  a  hill  on  the 
south  line  of  Sec.  6,  Paris,  which  is  continued  to  the  southeast  only 
in  a  very  gentle  undulation.  When  the  ice  sheet,  with  its  front 
thus  in  the  water,  and  its  flank  just  out  of  water,  forming  land-made 
ridges  near  the  corner  of  Verona,  Sigel,  Paris  and  Bingham  town- 
ships, retired  a  little  farther,  there  was  left  open  a  channel  through 
Sec.  6,  Paris,  and  Sec.  1,  Bingham,  around  to  Sec.  35,  Verona.  This 
is  not,  however,  much  low^er  than  previous  outlets  (780  feet  A.  T.), 
and  as  we  find  it  in  distinct  sand  and  gravel  deposits  on  Sec.  35, 
Verona,  about  800  feet  above  tide  (219,  216,  217  feet  above  lake, 
according  to  different  readings),  the  opening  of  the  channel  could 
have  made  no  material  change  in  the  lake  level.  It  could  hardly 
have  led  the  water  off  down  the  Cass  valley,  for  the  lowest  point 
on  the  channel  on  the  south  side  of  Sec.  2,  Bingham,  appears  to  be  at 
least  805  feet  above  tide  and  I  think  that  any  discharge  directly 
west  was  blocked  by  the  Saginaw  moraine  and  the  ice.  The  chan- 
nel on  Sec.  35,  above  mentioned,  might  even  have  been  an  outlet 

♦The  midchannel  bar  of  Taylor,  if  it  is  the  one  on  the  south  line  of  Sec.  24,  is 
about  801  feet  above  tide.  Compare  also  gravel,  at  8O0  feet  A.  T.  at  the  southeast 
corner  of  Sec.  23,  Bingham.  The  county  drain  enables  us  to  check  levels  along 
here. 

tOf  fairly  uniform  height,  as  the  following  observations  show: 

E.  line  of  Sec.  33,  Paris,  294  feet  above  Lake  Huron. 

N.  line  of  Sec.  33,  268  feet  above  Lake  Huron. 

N.  line  of  Sec.  28  slightly  later,  295  feet  above  Lake  Huron. 

N.  line  of  Sec.  20,  295  feet  above  Lake  Huron. 

N.  line  of  Sec.  18,  272  ft.  above  Lake  Huron. 

E.  line  of  Sec.  12,  Bingham,  274  feet  above  Lake  Huron. 

N.  line  of  Sec.  12,  280  feet  above  Lake  Huron. 

E.  line  of  Sec.  2,  280  feet  above  Lake  Huron. 

fSo  on  the  north  line  of  Sec.  IS,  Paris. 
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westward  of  the  great  glacial  river  from  the  north,  already  men- 
tioned, into  the  eastern  lake,  Lake  Whittlesey,  though  we  have  not 
supposed  so.    Can  it  be  shown  that  the  current  was  that  way? 

Even  the  retreat  of  the  Huron  lobe  of  the  glacier  two  miles  farther 
north,  so  that  its  flank  emerged  from  the  water  near  Verona  Mills 
on  Sec.  24,  Verona,  seems  to  have  left  the  ice  front  at  first  at  much 
the  same  level,  for  near  the  southwest  corner  of  Sec.  25,  Verona, 
there  are  extensive  sand  deposits  and  gravel  ridges  at  an  altitude 
of  about  801  feet  above  tide,  and  a  gravel  ridge  or  spit  near  the 
center  of  Sec.  24  at  a  corresponding  elevation.  The  bottom  of  a 
channel  in  Sec.  24,  which  is  followed  by  a  county  drain  is  at  much 
the  same  elevation  as  previous  channels  (789  feet  A.  T.).  I  think 
I  can  trace  signs  of  a  water  level  in  a  faint  terrace  along  the  valley 
of  the  Willow,  a  discontinuous  bench  visible  in  a  series  of  spurs 
from  the  ridge  east,  which  thus  gives  us  some  idea  of  the  size  of  the 
glacial  stream  from  the  north  at  this  time,  filling  a  valley  about 
half  a  mile  wide,  to  a  depth  of  perhaps  (218—182)  .36  feet. 

In  fact  on  the  back  side  of  the  moraine  of  the  Saginaw  lobe  which 
extends  through  Sees.  27  and  22,  Verona,  I  have  noted  a  bench  and 
a  change  in  the  topography  at  the  same  level.*  Finally,  as  indi- 
cated on  the  map,  there  are  a  number  of  kame-like  gravel  hills  on 
Sees.  29  and  28,  Verona,  which  reach  nearly  up  to  an  altitude  of 
800  feet  above  tide,  though  the  continuous  benches  are  lower. 

It  is  probable,  therefore,  that  so  long  as  the  whole  current  had 
finally  to  pass  down  the  valley  of  the  Cass  through  Sec.  32,  Bingham, 
the  level  of  the  eastern  lake,  Lake  Whittlesey,  remained  practically 
constant,  no  matter  how  many  different  channels  there  were  by 
which  it  started  to  leave  the  lake.  This  level  so  many  observations 
point  to  as  being  between  800  and  810  feet  above  tide  that  we  may 
be  reasonably  confident  of  those  figures,  the  latter  figure  being  prob- 
ably the  maximum.  But  when  the  lobe  of  the  Saginaw  moraine 
melted  back  so  as  to  let  the  waters  around  behind  the  very  heavy 
series  of  ridges  which  run  north  northeast  from  the  southwest  cor- 
ner of  Bingham  the  lake  discharge  found  its  way  across  the  north- 
west corner  of  Bingham,  half  burying  the  clay  ridge  on  the  north 
side  of  Sec.  4,  Bingham,  in  sand  on  the  east  side,  and  making  heavy 
gravel  deposits  along  the  north  side  of  Sec.  3,  Bingham,  then  as  the 
ice  retired  sweeping  sand  and  gravel  over  numerous  places  in  Col- 


•799  ft.  A.  T.  on  center  line  of  Sec.  22,  0.36  miles  east  of  west  quarter  post. 
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tax,  Bingham  and  Sheridan,  and  passing  southward  out  of  the 
county  in  some  well  marked  channels,*  the  new  and  independent 
outlets  probably  lowered  the  waters  rapidly.f  The  first  gravels  ,on 
the  back  of  the  moraine  are  not  very  much  lower  than  those  previ- 
ously mentioned,  but  as  we  go  northwest  in  Sheridan  the  gravels 
appear  at  lower  levels,  down  to  770  feet,  in  a  long  ridge  on  Sees.  9, 
10,  11,  and  12. 

We  infer  thus  that  as  the  Saginaw  lobe  retired  from  Bingham 
and  Sheridan,  the  water  level  lowered  rapidly  in  Lake  Whittlesey. 
We  have  already  seen  that  this  appears  to  have  been  not  before  the 
Huron  lobe  had  retreated  to  Verona  Mills,  and  we  must  indeed  al- 
most imagine  that  at  the  same  time  that  the  Saginaw  lobe  with- 
drew across  Sheridan  township  to  the  neighborhood  of  Popple,  Sec. 
G,  Sheridan^  the  Huron  lobe  would  withdraw  from  Verona  Mills  a 
little  way.  A  withdrawal  of  a  mile  or  so  leaves,  as  is  obvious  from 
the  map,  a  clear  connection  around  the  end  of  the  rough  and  irregu- 
lar agglomeration  of  conical  hills  which  mark  the  junction  of  the 
two  lobes.  Gravels  are  found  on  these  hills  clear  to  the  top  (855 
feet  A.  T.),  but  they  seem  to  be  largely  overwash  gravels  from  the 
surface  of  the  ice,  very  likely  intermixed  at  lower  levels  with  ma- 
terial brought  down  by  the  glacial  stream  from  the  north. 

Along  north  of  Verona  Mills  on  Sec.  18,  Sigel,  are  gravel  pits  for 
road  mending,  which  Mr.  Taylor  takes  to  be  kame  gravels.  The 
first  well  marked  and  continuous  beach  which  extends  around  north 
of  these  hills  is  at  774  feet  altitude  (Taylor  775  feet).t 

This  is  according  to  Taylor  the  Upper  Forest  Beach,  and  it  can 
be  traced  continuously  as  indicated  on  the  map  (Plate  VIII),  spread- 
ing broadly  over  the  uplift  of  the  Marshall  sandstone  escarpment 
passing  about  a  mile  east  of  Ruth,  and  decreasing  in  altitude  at  the 
south  line  of  the  county  down  to  about  750  feet  above  tide  (756  A.  T. 
on  Sec.  7,  Sherman).  It  may  occasion  surprise  that  these  old  beach 
lines  should  not  follow  contour  lines,  and  remain  a  constant  distance 

*Sec.  34,  Grant,  Sec.  32.  Sheridan. 

tCompare. 

Sec.  8.   Bingham,  0  paces  N.,  about  500  paces  W.,  sand  804  feet? 

Sec.  7.   Bingham,  0  paces  N.,  about  600  paces  W.,  about  SOS  feet? 

Sec.  7,  Bingham,  0  paces  N.,  about  1850  paces  W..  sand  ridge  at  780  feet  A.  T. 

Sec.  6,  Bingham,  sand  ridge  200  ft.  wide,  at  771  feet  A.  T. 

Sec.  19,  Bingham,  3G8  paces  S.  of  N.  W.  corner,  bottom  of  steep  boulderv  ascent 
with  stratified  gravel  at  7S8  feet  A.  T. 
Sheridan,  southside  of  Sec.  21,  sand  ridge  at  7SS  feet  A.  T. 

Sec.  24.  Sheridan,  about  200  paces  E.  of  S.  W.  corner,  gravel  at  780  feet  A.  T. 

Sec.  19  and  Sec.  30,  Sheridan,  esker  and  kames  at  about  785  feet  A.  T. 

iJust  N.  of  S.  W.  corner  of  Sec.  IS.  Sigel.  al.«o  close  to  S.  E.  corner  of  Sec.  17 
and  near  the  east  quarter-post  of  Sec.  21,  and  for  two  miles  east  a  gravelly  strip 
cut  through  by  a  drain  the  altitude  of  whose  bottom  is  about  765  feet. 
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above  the  lake  throughout.  The  general  testimonr  of  observers  is, 
however^  that  this  is  not  the  case^  and  there  are  a  number  of  possible 
causes  to  account  for  it,*  but  the  gravitative  attraction  of  the  ice 
sheet,  which  would  have  its  greatest  effect  on  a  body  of  water  lying 
between  two  lobes  of  the  ice  front,  seems  quite  sufficient  to  account 
for  the  rise  so  far  as  seen  in  this  Forest  Beach  in  this  county.  When 
we  trace  this  beach  level  off  from  Verona  Mills  to  the  southwest 
we  find  it  again  falling  slightly.  We  can  trace  it  quite  well,  as 
shown  on  tjie  map,  through  Sec.  12,  Verona,  and  across  the  north- 
west corner  of  Sec.  li,  faintly  up  the  valley  of  the  Willow,  very  well 
marked  in  a  little  bay  on  Sec.  21  and  clearly  marked  on  a  slope  well 
sprinkled  with  boulders  across  Sec.  20,  to  the  southeast  corner  of 
Sec.  19,  near  Badaxe.  Here  there  seems  to  have  been  an  opening 
into  a  large  lagoon  or  sound  in  which  marl  was  deposited,  shallow 
and  not  over  fifteen  or  sixteen  feet  deep  for  the  most  part.  The 
altitude  of  its  bottom  is  754  feet  above  tide.  A  low  island  with 
marked  dune  sand  ridges  rose  above  the  lagoon  in  the  northeast 
corner  of  section  34,  Colfax,  and  from  Badaxe  to  Popple,  followed 
by  the  old  State  Koad.  runs  a  moraine  ridge,  which  rises  somewhat 
above  the  Forest  Beach  level  in  the  northern  part  and  is  flanked 
by  well  marked  terrace  gravels  at  the  level  of  the  Upper  Forest 
Beach  (763  feet  A.  T.),  and  often  buried  by  them.  The  level  of 
Webber's  gravel  pit  near  the  southwest  corner  of  Sec,  13,  Colfax, 
gives  a  good  opportunity  to  obtain  the  level  of  the  beach  here  quite 


*The  following  are  some  of  the  causes: 

(1)  The  ice  sheet  may  have  attracted  the  water  toward  it.  just  as  a  plumb  line 
is  deflected  by  a  mountain  near  by.  This  would  give  a  slope  relative  to  the  present 
level  increasing  to  a  maximum  at  the  margin  of  the  ice  front,  and  not  over  1.8  ft. 
per  mile  for  a  sheet  10,000  feet  thick  (the  Greenland  ice  sheet  is  about  9.000  feet 
thick)  while  the  average  slope  for  69  miles  from  the  border  might  easilj-  be  0.4 
feet  per  mile.  See  Woodward  in  sixth  Report  U.  S.  Geol.  Sur.,  1SS4-1SS3,  p.  295-296. 
also  U.  S.  G.  S..  Bull.  4S,  p.  66.  It  is  found  generally  true  that  the  slope  of  the  old 
shore  lines  rises  toward  the  ice.  It  is  to  be  observed  that  in  the  case  just  before 
us  of  water  lying  between  two  lobes  of  the  ice.  we  have  a  case  of  maximum  effect 
something  like  that  discussed  by  Woodward  of  a  canal  in  the  ice  sheet  near  the 
margin,  where  the  equipotential  surface  within  the  ice  sheet  is  to  be  considered. 

(2)  The  shifting  of  the  volume  of  the  ice  sheet,  if  not  symmetrical  to  the  pole 
would  displace  the  earth's  axis  of  rotation,  relative  to  the  solid  crust,  but  a  rough 
investigation  shows  that  this  would  have  a  negligibly  small  effect. 

(3)  The  weight  of  the  ice  cap  may  have  bent  down  the  crust  upon  which  it  lay 
during  the  ice  period,  which  may  be  supposed  to  have  been  uplifted  again  when 
the  ice  retired.  But  here  it  is  to  be  noted  that  we  cannot  compute  this  effect  as 
independent  of  effect  No.  1.  If  the  ice  sheet  depressed  the  earth  beneath  it  it  would 
have  a  correspondingly  less  effect  in  drawing  the  water  up  toward  it.  In  a  certain 
sense  the  first  and  third  agencies  might  be  inferred  from  the  same  phenomenon, 
bv  two  different  ways  of  looking  at  it.  for  the  raising  of  the  water  surface  by  ice 
attraction,  would  produce  an  apparent  subsidence  of  the  land.  The  test  between 
the  first  and  third  effects  would  apparently  be  the  rapidity  of  the  apparent  uplift 
of  the  land.  If  it  continued  after  the  ice  sheet  had  disappeared,  it  must  be  really 
a  land  uplift.  Cf.  Upham  (23d  Annual  Report.  Minn.  Geol.  Sur..  1S93.  p.  162)  on 
Epeirogenic  Uplifts.  So  far  as  the  difference  in  level  of  the  old  water  levels  and 
the  later  water  levels  is  concerned,  this  effect  would  be  practically  the  same,  to 
the  order  of  approximation  of  Woodward's  solutions. 


FORMATION   OF   THE   SOILS   AND   SUBSOILS.  71 


exactly  with  reference  to  the  Saginaw,  Tuscola  and  Huron  R.  R.* 
Down  near  Popple  we  find  a  number  of  hills,  which  appear  to  have 
protruded  above  water,  and  the  bench  marks  of  the  first  beach  are 
scored  upou  their  flanks.f  Thence  the  Upper  Forest  Beach  can  be 
traced  through  Sees.  11.  14  and  13,  Grant,  down  to  another  sound,  a 
remnant  of  which  is  Mud  Lake.  It  reappears  again  on  Sees.  28,  29 
and  31,  where  the  moraine  once  more  was  above  lake  level,  and 
where  it  is  at  an  altitude,  as  previously  stated,  of  about  744  feet 
above  tide. 

North  of  Badaxe,  running  from  the  southwest  corner  of  Sec.  7, 
Verona,  through  Sees.  8,  9  and  10  to  11  is  a  low  clay  ridge,  heavily 
aproned  with  gravel  on  the  south  side,  which  rises  a  little  above 
the  Forest  Beach  level,  and  seems  to  mark  the  line  of  the  ice  front 
at  one  stage  in  the  time  of  the  Forest  Beach.  This  seems  to  be 
practically  the  same  moraine  which  passes  north  and  west  of  Popple 
and  northwest  of  Mud  Lake.  At  the  beginning  of  the  time  of  the 
Upper  Forest  Beach  this  moraine  was  probably  largely  under  water 
and  kame  gravels  were  extensively  formed  in  a  broad  shallow  sound 
which  faced  it  and  was  later  resolved  into  a  series  of  lakes  (indicated 
by  shell  marls  under  the  present  swamp)  of  which  Mud  Lake  is  the 
only  surviving  representative.  By  the  end  of  this  time  the  connec- 
tion between  the  two  sides  of  the  "Thumb"  was  so  open  that  the 
water  level  was  practically  identical  in  both,  as  is  shown  by  the  fact 
that  the  gravels  at  the  foot  of  the  ridge  north  of  Mud  Lake  are  at 
practically  the  same  height  on  each  side.  Hence  the  retirement 
from  this  ridge,  the  last  place  in  the  county  where  the  ice  front  kept 
above  the  water,  made  no  material  difference  in  the  lake  level.  I 
was  at  one  time  inclined  to  think  that  the  retirement  from  this  point 
might  have  caused  the  slight  drop  to  the  Lower  Forest  Beach  level, 
but  the  double  beach  line  appears  well  marked  on  the  northwest 
flank  of  the  Mud  Lake  ridge. 

This  Lower  Forest  Beach  is  at  times  somewhat  more  than  ten  feet 
below  the  other,  and  can  be  followed  around  with  it  very  well,  and 
the  two  beaches  may  mark  merely  two  high  water  stages  easily  due 
to  climatic  variations.    Through  Sigel  township  the  lower  follows 

*The  level  of  the  surface  of  the  pit  is  about  180  feet  above  lake.  The  average  of 
eight  observations  on  the  gravel  bench  not  far  from  Badaxe  gives  182%  feet  above 
lake. 

tS.  line  of  Sec.  31,  Colfax,  and  Sec.  36.  Oliver,  also  on  S.  line  of  Sec.  1.  Grant, 
where  they  can  be  followed  some  distance  with  the  eye.  Altitude,  average  of  four 
observations.  172  feet  above  lake  or  754  feet  A.  T. 
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the  upper  beach  quite  closely,  but  extends  out  over  the  flat  lands  of 
Lincoln  township  much  farther  in  long  sand  spits  or  barrier  beaches 
at  an  altitude  of  about  757  feet  above  tide  (on  the  south  side  of  Sees. 
20,  21  and  29  and  35,  Lincoln,  on  the  east  side  of  Sec.  31,  with  a  spur 
also,  and  on  the  east  side  of  Sec.  33,  Lincoln).  Through  Colfax 
township  there  is  a  broa'h  sandy  terrace  whose  upper  margin  is  at 
about  749  feet  above  tide.  This  second  terrace  is  clearly  marked 
in  the  north  corner  of  Grant  township  at  739  feet  above  tide,  and 
about  6  to  18  feet  above  the  general  broad  sandy  level  over  which  it 
looks. 

The  lake  thus  formed  by  the  running  together  of  Lake  Saginaw 
and  Lake  Whittlesey  has  been  called  by  Taylor,  following  Spencer, 
Lake  Warren.  In  all  probability  for  quite  a  while  after  communi- 
cation was  opened  around  the  end  of  the  "Thumb"  the  ice  front  re- 
mained not  so  very  far  off,  and  possibly  streams  issuing  from  it  may 
have  laid  down  some  of  the  ridges  which  we  find  especially  in  Lin- 
coln. There  seems,  indeed,  to  be  one  ridge  in  particular  which 
begins  on  Sec.  11,  Verona,  opposite  the  head  of  the  Willow  Creek 
valley,  which,  as  we  have  said,  was  probably  filled  by  a  river  from 
the  ice.  This  ridge  passes  thence  through  sections  2,  Verona,  and  34 
Lincoln,  and  thence  northwest  to  Sees.  32  and  33  Lincoln,  and  thence 
at  first  north  then  northwest  to  Sec.  25,  Hume,  which,  though  it  has 
not  been  traced  continuously,  seems  to  be  continuous  and  to  be 
running  down  hill.  It  must,  if  so,  mark  the  successive  dumping 
grounds  of  a  stream  issuing  from  the  ice  sheet  as  the  latter  retired 
beneath  the  lake  surface.* 

Of  course  such  a  ridge  would  be  more  or  less  washed  over  by  the 
waves  as  the  lake  level  gradually  settled.  It  may,  however,  be 
merely  a  sand  spit  out  in  an  eddy  at  the  end  of  the  point.  Whether 
this  particular  line  of  sand  and  gravel  is  rightly  explained  or  not, 
such  streams  must  have  brought  down  much  sand  and  gravel  for 
the  waves  to  dispose  of,  and  we  have  evidence  of  that  and  also  of  a 
strong  westward  current  in  the  accumulation  of  such  sand  and 
gravel  deposits  quite  extensively  all  along  the  westward  face  of  the 
emerging  plain. 

*Such  a  ridge  is  called  an  esker  and  it  may  be  noticed  that  the  supposed  esker  is 
in  continuation  with  the  line  and  curves  of  the  upper  Willow  Valley,  and  may  be 
due  to  the  same  river.  It  is  in  a  general  way  at  right  angles  to  the  ice  front  "and 
in  the  direction  of  the  ice  retreat.  Another  somewhat  similar  ridge  appears  on 
Sec.  30,  Sheridan. 
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These  deposits  of  sand  were  also  supplemented  by  the  deltas  of 
the  streams  which  drained  the  lagoons  of  Verona,  Colfax,  Sheridan 
and  Grant,  later  converted  into  a  series  of  lakes.  Under  the  swamps 
which  now  fill  the  places  of  these  lakes  we  find  shell  marls  which 
may  be  referred  to  this  epoch,  and  plainly  indicate  a  colder  climate 
than  the  present  (see  Chapter  X,  Sec.  2).  The  most  noticeable  delta 
of  this  kind  is  that  of  the  upper  Pinnebog  on  the  north  side  of  Sec. 
31,  Colfax.  Westerly  winds  may  have  aided  the  waves  in  piling  up 
the  ridges  on  shore.  At  any  rate  we  find  a  broad  sandy  belt  extend- 
ing practically  from  Robinson's  hill  in  Sec.  13,  Dwight^  down  to 
Brookfield  township,  and  lying  about  710  feet  above  tide,  in  which 
sand  and  strips  of  country  covered  with  boulders  are  abundant. 
The  indications  of  a  northward  rise  in  beach  levels  rapidly  disap- 
pear.* 

§  4.    Lake  retreat.    Later  terrace  or  recent  epoch. 

A  temporary  halt  in  the  subsidence  of  Lake  Warren  seems  to  be 
indicated  at  about  725  feet  above  tide,  after  which  the  lake  seems  to 
have  sunk  more  rapidly  than  before  down  to  about  700  feet  above 
tide.  Then  the  subsidence  must  have  been  slower  and  sand  ridges 
are  numerous  down  to  680  feet  above  tide.  It  must  have  been  held 
at  this  general  level  for  quite  a  while,  for  we  find  in  front  of  the  680 
foot  beach  line  that  the  drift  has  been  scoured  away  in  many  places 
down  nearly  to  the  rock,  so  that  the  670  foot  to  690  foot  contours  are 
crowded  together  and  a  series  of  terrace  benches  have  been  cut  on 
the  east  side  of  Robinson's  hill  on  Sec.  13,  Dwight.  Sand  ridges  at 
about  this  level,  i.  e.  98-108  feet  above  the  lake  were  found  almost 
invariably  where  these  contours  were  crossed,  also  delta  sands  near 
the  rivers  on  both  sides  of  the  county.  Most  of  the  outcrops,  except 
those  immediately  adjacent  to  the  shore,  are  connected  with  this 
level.  Frequently  there  are  numerous  boulders  covering  the  sur- 
face of  the  lower  land  immediately  to  the  west  like  the  boulder  pave- 
ment figured  by  Spencer.f 

*The  sand  ridges  are.  however,  so  near  together  in  altitude  that  they  are  within 
the  range  of  our  errors  in  determining  altitude,  so  that  nothing  can  be  said  very 
definitely.  Still  in  Lincoln  numerous  ridges  fall  within  145  to  134  feet  above  lake, 
in  Meade  within  153  to  133,  in  Colfax  within  152  to  144  and  one  at  128  feet.  In  the 
north  part  of  Grant  the  soil  is  sandy  about  150  to  130  feet  above  lake,  and  in  the 
south  part  of  the  township  it  Is  gravelly  pretty  continuously  down  to  125  feet 
above  the  lake;  these  facts  may  be  accounted  for  by  supposing  that  the  upward 
grade  toward  the  ice  had  largely  disappeared  before  the  lake  had  sunk  more  than 
thirty  feet. 

tLoc.  cit.  in  Pop.  Sci.  Monthly. 

10-Pt.  II. 
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Fig.  3  illustrates  the  boulder  bench  which  lay  just  below  low 
water  and  the  series  of  ridges,  the  highest  of  which  was,  of  course, 
somewhat  above  highwater^  of  Lake  Warren  at  this  level.  The 
fact  that  the  lake  was  thus  held  for  quite  a  while  from  672  to  692 
feet  above  tide  may  be  connected  with  the  fact  that  that  is  about 
the  lower  limit  for  the  Pewamo  outlet.  After  free  connection 
was  established,  it  is  natural  to  suppose  that  the  lake  would 
wear  down  the  outlet,  and  its  own  level  fall  until  the  outlet  had 
shrunk  so  as  to  be  only  sufiflcient  to  carry  off  the  annual  supply  of 
water,  after  which  the  lake  would  remain  relatively  permanent.  We 
call  these  beaches  the  Grassmere  beaches  since  this  general  level  is 
most  accurately  determined  where  it  crosses  the  Saginaw,  Tuscola 
and  Huron  K.  R.  near  Grassmere,  but  it  seems  to  be  quite  horizontal 
in  its  course  around  the  thumb.    From  this  level  Lake  Warren 

erxposcD 

OUTCROPS 
OF  SANOSTONC 

BELT  OF  RIOCES 


Fig.  3.  Illustrates  the  relation  of  sand  and  s^ravel  ridges,  boulder  benches  and  flat  sand- 
stone exposures  to  ancient  water  levels.   South  line  of  Sec.  3.  Meade  Tp. 

dropped  rather  suddenly  to  an  altitude  of  647  feet  above  tide.*  ^Tiat 
caused  this  drop,  whether  the  opening  of  a  channel  around  by  Mack- 
inaw into  Lake  Chicago,  or  some  outlet  across  central  New  York 
down  the  Mohawk  I  would  not  dare  to  say  definitely,!  but  the  sub- 
sequent pause  in  the  fall  of  the  waters  is  well  marked  and  we  may 
follow  it,  from  the  swamps  of  Brookfield  township  past  Elkton, 
where  the  beach  gravel  wraps  around  a  low  waterlaid  moraine  ridge 
of  till,  which  runs  from  the  northwest  of  Oliver  to  the  northeast 
and  is  the  last  relic  of  the  ice  front  that  we  notice,  on  to  Port  Austin 
where  the  beach  skirts  the  hill  on  Sec.  31.  This  level  is  also  visible 
on  Sec.  3,  Dwight,  and  probably  the  prolonged  lake  action  during 

•Levels  back  of  Port  Austin:  also  the  S.  T.  and  H.  R.  K.  near  Elkton.  There  are 
also  delta  sands  and  gravels  on  the  Pigeon  River  near  Sec.  23,  Winsor,  and  on 
New  River  in  Huron  Township,  and  in  Huron  Township  the  640  foot  contour  is 
crowded  up  to  the  630  foot  contour. 

tCf.  Fairchild's  recent  announcement  of  beaches  in  Lake  Warren  at  low  levels. 
Bull.  Geol.  Soc,  Am.  Vol.  VIII,  p.  271. 
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this  pause  had  something  to  do  with  exposing  the  outcrops  on  Sec. 
1  of  the  same  town.  In  Huron  township  a  well  marked  bar  at  this 
level  connects  the  hills  on  Sec.  3,  and  it  is  apparently  a  prominent 
sand  and  gravel  beach  below  the  Forest  beaches  on  the  eastern  side, 
being  traceable  quite  continuously  down  to  the  southeast,  until  near 
White  Rock  it  is  only  three-fourths  of  a  mile  from  the  Lake. 

As  the  streams  on  the  west  side  of  the  county  come  down  to  this 
level  they  emerge  from  rather  deeply  cut  valleys  to  quite  shallow 
ones,  and  are  deflected  to  the  north.  The  contrast  between  the 
valley  of  the  Pinnebog  where  it  crosses  the  Saginaw,  Tuscola  and 
Huron  R.  R.  near  Elkton,  with  its  valley  either  above  or  below, — a 
change  from  a  valley  20  or  more  feet  deep  to  one  only  3  to  10  feet 
deep  and  broad  and  vague,  is  striking, — and  the  same  phenomenon 
is  noticeable  in  the  Pigeon  on  Sec.  36,  Winsor,  and  other  streams. 
This  fact  indicates  that  the  water  stood  between  700  feet  and  650 
feet  so  long  as  to  give  the  streams  a  chance  to  cut  pretty  well  down 
to  that  base  level,  after  which  time  the  water  level  sank  so  suddenly 
that  the  streams  in  deepening  their  valleys  had  to  work  back  from 
a  mouth  quite  a  distance  off. 

The  next  halt  of  the  water  below  this  level  is  probably  a  short 
one  indicated  by  the  bench  on  the  Port  Austin  hill  at  635  feet  above 
tide,  and  by  some  sands  and  gravels  in  the  south  part  of  Winsor 
(T.  16  N.,  R.  10  E.),  and  the  waves  probably  just  broke  on  the  top  of 
the  limestone  ridge  in  Sec.  5  of  the  same  township,  and  cleaned  off 
the  till  therefrom. 

There  is  no  other  marked  halt  until  we  reach  the  most  pronounced 
one  in  the  whole  series,  correlated  by  Taylor  as  belonging  to  Lake 
Algonquin,  a  large  lake  which  stretched  from  Lake  Superior  to  Lake 
Erie  and  discharged  over  Niagara,  though  the  land  was  so  much 
lower  to  the  north  at  that  time  that  the  water  of  Lake  Algonquin 
would  have  discharged  by  North  Bay  down  the  Mattawa  valley 
(Canada),  had  not  that  valley  been  still  occupied  by  the  rear  guard 
of  the  retiring  ice  sheet.  Like  the  present  lakes  it  may  have  had 
its  changes  of  level  from  season  to  season  and  decade  to  decade, 
which  seem  to  be  confined  within  a  range  from  20  to  25  feet  above 
the  present^lake  level,  say  607  feet  above  tide.* 

•Compare  the  ridge  roads  of  the  R.  R.  Surveys,  Chapter  III,  Sec.  5.  The  tops 
of  the  ridges  of  sand  are  evidently  piled  above  what  was  then  the  water  level, 
and  observations  on  the  highest  beach  line  at  Bayport  agree  with  that  at  Port 
Austin  and  with  the  general  altitude  of  the  marshes  behind  the  dune  lines,  in 
fixing  the  highest  water  line  of  Lake  Algonquin  at  25  feet  above  the  5S2  foot  base 
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This  level  is  marked  on  the  west  side  of  the  county  by  an  almost 
continuous  line  of  dunes,  whose  crests  commonly  rise  above  30  feet, 
and  on  the  other  side  of  the  county  by  cliffs.  Only  in  a  few  cases, 
as  just  south  of  the  lighthouse  on  Sec.  12,  Huron,  T.  18  N.,  R.  14  E., 
and  again  north  and  south  of  White  Rock  have  the  cliffs  of  the 
present  lake  been  cut  back  so  far  as  to  overtake  the  cliffs  cut  at  this 
higher  level,  while  the  dunes  of  the  higher  level  quite  hold  their 
own  in  comparison  with  the  dunes  of  the  present  area.  Back  of  the 
dunes  are  extensive  marshes  lying  near  the  2.5  foot  level,  through 
which  the  streams  meander.  All  these  are  signs  of  a  length  of  halt 
much  longer  than  anything  that  we  find  above.*  Between  this  and 
the  present  lake  level  it  is  not  uncommon  to  find  four  beach  crests 
among  the  most  noteworthy  of  which  is  the  one  followed  by  a 
"ridge  road"  about  11  feet  above  lake  level.f  The  water  line  prob- 
ably lay  a  little  lower,  at  10  to  11  feet  above  the  582  foot  datum, 
at  a  time  perhaps  within  the  range  of  tradition,  as  I  hear  from  Dr. 
W.  C.  Wright,  of  Unionville,  that  the  Indians  had  a  tradition  of  row- 
ing over  Pine  Island,  now  11  to  13  feet  above  the  lake.  The  high 
water  line  of  1886  is  well  marked  in  a  crest  from  four  to  seven  feet 
above  the  present  lake  level,  and  so  we  come  down  to  the  level  of 
1896.  Since  that  time  the  water  has  been  rising  again  somewhat, 
but  the  last  report  of  the  U.  S.  Engineers  states  that  since  1886  the 
St.  Clair  outlet  has  been  rapidly  cut  down. 

It  should  be  said  that  Taylor  thinks  that  at  the  close  of  the  era 
of  Lake  Algonquin  the  Mattawa  valley  channel  was  opened  and 
the  water  of  the  lakes  was  for  an  extensive  period  (the  period  of 
Lake  Nipissing)  lower,  and  here  and  farther  south  has  recently  re- 
advanced.  This  I  believe  to  be  true  farther  south,  but  as  Taylor's 
paper  shows,  Huron  county  lies  near  his  nodal  line,  where  there 
has  been  no  such  readvance  for  Lake  Huron.  According  to  his 
theory,  which  in  general  I  accept,  during  the  time  of  the  lake  that 

(A.  T  ).  There  is  frequently  a  second  crest  a  little  lower.  On  the  east  side  of  the  county 
the  boulder  bench  or  terrace,  which  must  have  been  below  the  water  line  and  faces  cut  cliffs 
which  frequently  rise  40  feet  and  more  above  the  lake,  is  from  1*  (Harbor  Beach  R.  R.  station) 
to  20  feet  above  the  lake.  Occasionally  above  this  main  bench  we  can  see  small  benches,  old 
beach  crests,  at  23  and  at  28  feet,  respectively,  above  lake.  The  streams  broaden  out  and 
meander  in  their  valleys  at  this  level  also. 

"Taylor,  priv.  com..  Feb.  11.  1897.  correlates  this  with  the  Alfjonquin  beach,  but  leaves  open 
the  possibihty  that  it  may  also  represent  the  Lake  mentioned  next.  Lake  Kipissing. 

+Beside  R.  R.  levels  in  Chap.  III.  Sec.  .i.  we  noted  also  on  the  center  line  of  Sec.  18.  T.  15 
N..  R.  9  E.,  beach  rid^res  11.  14.  1?  and  20  feet,  respectively,  above  lake,  and  correspondingly, 
on  Sebewaing  river,  terraces  2,  5.  13  and  IS  feet,  respectively,  above  the  river  bed.  Around 
Harbor  Beach  the  bench  appears  to  be  nearly  continuous  from  18  feet  down  to  14. 
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he  calls  Nipissing,  since  the  present  Lake  Nipissing  (northeast  of 
Georgian  Bay,  Lake  Huron)  was  at  that  time  part  of  the  Great  Lake 
system,  the  land  was  so  depressed  to  the  north  that  the  lakes  drained 
to  the  sea  through  North  Bay  and  the  Mattawa  valley,  and  owing  to 
the  tilting  necessarily  implied  deserted  the  southern  part  of  their 
basins.  Huron  county  lies  near  the  dividing  line  between  the  region 
where  the  old  level  of  Lake  Nipissing  extended  less  far  on  the  land, 
and  the  region  where  the  level  of  Lake  Nipissing  was  above  the 
present  level.  If  the  lake  level  during  the  period  of  Lake  Nipissing 
was  lowered  in  Huron  county  it  could  have  been  but  slightly  lower, 
for  if  there  had  been  a  long  lower  stage  we  should  find  the  rivers 
near  their  mouths  had  cut  down  to  it,  and  then  the  rise  of  the  coast 
would  flood  their  valleys,  producing  such  a  type  of  coast  as  we  have 
in  Chesapeake  Bay,  or  on  the  southern  shore  of  Lake  Michigan  or 
in  Monroe  county  on  Lake  Erie.  See  Part  I  of  this  volume.  Of 
such  a  shore  there  is  no  evidence.  On  the  contrary  many  of  the 
streams,  the  Shebeon^  Willow,  Diamond,  Allen  and  others  flow  on 
rock  bottom  close  to  their  mouths.  In  fact  this  is  the  rule  rather 
than  the  exception,  and  at  other  points,  as  at  Caseville,  dredging 
has  shown  that  rock  is  close  beneath,  and  had  the  streams  been  flow- 
ing down  to  a  much  lower  level  any  length  of  time,  they  would  have 
cut  back  rock  channels  farther  inland.  On  the  contrary  the  geo- 
logical evidence  is  that  the  latest  movement  is  what  Prof.  Gilbert 
has  recently  shown  by  measurement,  to  be  still  in  progress,*  viz.: 
an  uptilting  of  the  lake  shores  to  the  north-northwest.  By  carefully 
comparing  the  elevation  of  certain  fixed  points  with  the  mean  water 
level  for  the  season  in  the  summer  of  1897,  with  the  elevations  of 
the  same  points  above  mean  lake  level  determined  by  the  Lake  Sur- 
vey years  ago,  he  found  the  northeastern  points  relatively  higher 
now  than  then  in  a  way  that  indicated  a  rising  of  the  earth's  crust 
in  a  direction  N.  27°  E.  about  0.42  of  a  foot  per  hundred  miles  per 
hundred  years.f  For  instance,  "Between  1876  and  1896,  a  point  at 
Port  Austin,  Michigan,"  i.  e.,  in  Huron  county  which  we  are  study- 
ing, "on  the  shore  of  Lake  Huron  as  compared  to  a  point  in  Milwau- 
kee, on  the  shore  of  Lake  Michigan"  rose  0.127  of  a  foot  or  one  and  a 
half  inches. "t  The  distance  between  these  two  points  is  2.59  miles,  or, 

♦Modification  of  the  Great  Lakes  by  Earth  Movement,  National  Geographic 
Magazine,  Sept.  1897,  viii.  No.  9,  pp.  233-247. 

tSee  Chapter  TII,  Sec.  5  (a),  for  correction  of  these  figures. 
4L0C.  cit.  p.  244. 
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in  the  direction  X.  27"  E.,  176  miles.  Huron  county  is  distant  fifty 
miles  more  or  less  in  the  direction  north-northeast  from  the  outlet 
of  Lake  Huron  at  the  Saint  Clair  River,  so  that  such  tilting  would 
produce  along  the  shores  of  Huron  county  a  rise  of  the  land  upon  the 
lake  of  about  0.2  of  a  foot  per  century.  We  do  not  know  how  long 
this  rate  of  tilting  has  continued,  nor  whether  it  is  increasing  or  de- 
creasing, but  the  fact  above  cited  that  so  many  of  the  streams  have 
rock  ledges  close  to  their  mouths  seems  to  confirm  the  belief  that 
the  latest  motion  of  land  relative  to  lake  in  Huron  county  has  been 
an  uplift.  Possibly  more  detailed  study  may  lead  Mr.  Taylor  to 
shift  the  nodal  line  for  Lake  Xipissing  a  little  to  the  southwest. 
§  5.    Time  estimates. 

We  have  now  finished  our  account  of  the  various  stages  in  the 
retirement  of  the  lake.  By  comparing  amount  of  cutting  on  the  one 
side,  and  amount  and  volume  of  beaches  and  dunes  on  the  other  at 
the  different  levels  we  can  form  some  estimate  of  the  relative  time 
during  which  the  water  lingered  (Fig.  4).  Of  course  no  accuracy  can 
be  claimed  for  such  estimates.  They  are  only  the  first  rough  ap- 
proximations. Still  it  seems  quite  clear  that  the  work  below  the  40 
foot  level  is  more  than  eqOal,  measured  either  by  cut  or  fill,  to  all 
that  which  preceded  it.  To  get  some  idea  of  the  unit  of  the  time 
scale  one  way  would  be  to  survey  Mud  Lake  and  see  how  much  it  had 
shrunk,  and  been  filled  since  the  meanders  of  the  original  Linear 
Survey,  and  then  if  possible  find  its  original  extent.  Rush  Lake  is 
also  obviously  shrinking,  but  is  much  younger. 

Another  way  would  be  to  find  the  amount  and  the  rate  of  erosion 
on  the  eastern  shore.  The  Wisconsin  Survey  carefully  resurveyed 
the  meander  lines  along  Racine  and  Milwaukee  counties,  and  found 
an  average  rate  of  erosion  of  3.33  to  2.77  feet  a  year  from  1836  to 
1874.  Dr.  Andrews  found,  even  rejecting  erosion  of  extraordinary 
rapidity,  erosions  from  17  feet  a  year  down  to  0  averaging  about  5 
feet  per  annum  around  Chicago.* 

For  the  eastern  shore  of  Huron  county  we  have  no  such  close  esti- 
mates. In  fact  the  general  impression  is  that  the  shore  has  been  gain- 
ing upon  the  water.  But  as  Plate  V  shows,  for  the  ten  years  before 
1896,  the  waters  had  been  lowering  rapidly.  Again  opposite  Harbor 
(Sand)  Beach  the  shore  is  protected  by  the  great  artificial  breakwater 
erected  by  the  government  at  a  cost  of  |2, 000,000  and  a  filling  in  has 


*Lieverett,  Bull.  No.  II,  Chicago  Acad,  of  Sciences;  see  also  Grossman's  chart. 
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DIAGRAM  ILLTJSTBATINQ  THE 
RELATIVE  RAPIDITY  OF  FALL  OF  LAKE  LEVEL 
IN  HTJBON  COUNTY,  MICH. 
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Fig.  4.  Illustrates  the  relative  strength  of  the  water  lines  at  various  levels  in  Huron  county.  Michigan. 

The  altitudes  given  at  various  parts  of  the  curve  are  above  tide,  lake  level  being  582  feet  above  tide, 
according  to  Gannet.  The  altitudes  are  indicated  on  the  vertical  scale  while  the  horizontal  scale  repre- 
sents the  relative  strength  of,  respectively,  the  time  required  to  produce  the  various  shore  lines.  Names 
of  lakes  and  water  levels,  etc.,  with  the  exception  of  Grassmere  and  Willow  valley,  are  after  Taylor. 
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been  caused.  Mr.  Geo.  W.  Jenks  says  that  a  strip  of  an  average 
width  of  50  to  100  feet  has  been  added  in  his  recollection, — ^the  last 
twenty  years  or  so.  A  large  double  tree,  which  in  his  boyhood  was 
on  the  crest  of  the  beach  not  over  fifty  feet  from  the  water,  is  now 
140  feet  from  the  limit  of  vegetation  or  145  feet  from  the  water's 
edge  according  to  measurements  that  I  made  in  Sept.,  1897.  The 
old  Land  OflSce  notes  make  the  distance  along  the  north  line  qX  Sec. 
12,  T.  16  N.,  K.  15  E.,  50.25  chains,  i.  e.,  3316.5  feet.  The  county  atlas 
gives  by  scale  3560  feet,  and  the  careful  plan  of  Sand  Beach  harbor 
prepared  in  1889  by  the  U.  S.  Engineers  from  work  between  1885 
and  1888  makes  the  same  distance  3600  feet,  showing  a  decided  gain 
of  land  over  lake,  especially  as  the  lake  was  highest  in  1885.  But 
this  line  is  close  to  the  mouth  of  a  stream,  and  perhaps  influenced 
by  its  delta.  The  various  successive  blue  prints  by  the  United 
States  Engineers  show  plainly  the  accretions  year  by  year.  But 
when  we  come  to  compare  with  more  distant  times  and  especially 
with  the  records  of  the  first  Land  Office  surveys,  which  are  not  very 
accurate,  however,  in  18.34  and  1835,  when  the  water  was  as  low  as 
in  1896,  we  find  a  very  different  state  of  affairs.  The  indications 
are  of  greater  or  less  erosion  not  of  gain.  Let  us  cite  a  few  facts. 
Mr.  J.  H.  Tucker,  one  of  the  oldest  surveyors  of  the  county,  reports 
a  general  erosion  of  the  land;  that  to  the  north  on  the  town  line 
where  the  quarter  post  originally  stood  on  the  land  the  shore  now 
comes  40  rods  this  side  of  it.*  The  elder  Mr.  Jenks  bought  a  lot 
which,  according  to  the  government  notes,  contained  65.50  acres. 
By  1880  this  lot  (3,  Sec.  36,  T.  17  X.,  R.  16  E.)  had  dwindled  on  resur- 
vey  to  54  acres,  implying  if  both  surveys  were  accurate  and  took 
the  shore  line  in  the  same  way  a  retreat  of  380  feet  or  8.43  feet  per 
annum.  To  the  south  of  the  breakwater  near  the  summer  resort, 
on  the  west  line  of  Sec.  7,  T.  16  X.,  R.  16  E.,  the  line  from  the  corner 
to  the  water  was  in  February,  1896, 1730  feet  to  the  edge  of  the  bluff 
plus  about  30  feet  to  water,  a  loss  from  the  original  survey  of  50 
links.  On  the  south  line  of  the  same  section,  7,  the  line  was  20  to 
30  links  short.  This  loss  in  spite  of  the  low  water  of  1896  and  the 
recent  accretion  due  to  the  protection  of  the  breakwater  shows  that 
there  must  have  been  considerable  cutting  before,  amounting  to  be- 
tween 100  and  200  feet,  i.  e.,  for  the  fifty  years,  1835-1885,  from  2 
to  4  feet  a  year. 


*But  the   government  notes,   April  14,lS3o,  show  Zi  chains  to  Lake  Huron. 
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As  we  approach  White  Rock,  just  before  we  come  to  the  high  35 
foot  bluffs  I  saw  a  large  pine  stub  standing  erect  in  the  midst  of 
the  waters,  evidently  left  from  the  land  waste.  The  35  foot  bluffs 
are  evidently  being  attacked  vigorously  by  the  waves.  Some  of  the 
residents  attribute  the  wasting  away  of  the  cliffs  to  the  frost's  ac- 
tion in  splitting  them  off  in  the  spring.  In  their  observation  they 
are  doubtless  right,  but  inasmuch  as  the  cliffs  are  about  as  steep 
as  they  can  be  how,  it  is  obvious  that  the  waves  break  up  and  carry 
away  the  debris  of  the  slips  as  fast  as  the  frost  feeds  it  down,  so 
that  the  frost  merely  acts  as  assistant  to  the  water.  The  most  de- 
tailed information  gathered  concerns  the  lot  of  Mrs.  Mary  Van 
Wormer  (south  part  of  lot  3,  Sec.  20.  T.  15  N.,  R.  16  E.),  where  a 
whole  barn  and  barnyard  have  disappeared  in  the  last  ten  years. 
As  they  cannot  plow  too  close  to  the  edge  of  the  cliff  all  along  here 
for  fear  of  slipping  over,  it  is  easy  to  note  each  year  that  the  tracks 
for  the  previous  season  are  from  3  to  6  feet  farther  out  than  they 
dare  plow.  A  lot  of  two  acres  which  lay  in  triangular  shape  below 
the  higher  bluffs  at  their  northern  limit  and  at  the  Algonquin  18-20 
foot  levels  is  practically  gone,  the  width  from  the  road  being  not 
more  than  50  feet.  This  would  indicate  an  erosion  of  6  feet  a  year^ 
or  if  we  take  the  two  acres  as  a  strip  from  the  full  width  of  the 
Van  Wormer  property  (6  chains)  it  will  still  mean  an  erosion  of  not 
less  than  220  feet  or  over  3  feet  a  year.  In  September,  1897,  the 
distance  of  the  brink  of  the  bluff  from  a  basswood  tree  on  the  east 
side  of  the  road  where  it  first  mounts  from  the  Algonquin  level  was 
76  feet.  South  of  White  Rock,  on  B.  Hiduler's  property  (Sec.  32,  T. 
15  W.,  R.  16  E.),  we  find  similar  erosion  and  the  rates  stated  are 
similar,  3  to  6  feet  a  year. 

Up  in  Huron  township,  Sec.  12,  T.  18  X.,  R.  14  E.,  Mr.  Tucker 
reports  that  a  resurvey  ordered  by  the  supervisors  showed  that  a 
man  was  paying  an  undue  amount  of  taxes,  owing  to  the  great  re- 
treat of  the  arable  land.  This  is  in  the  neighborhood  of  the  Point 
aux  Barques  lighthouse  and  is  another  place  where  the  present 
cliffs  have  cut  back  beyond  the  Algonquin,  and  it  may  be  noted  in 
this  connection  that  whereas  the  Lake  Survey  report  them  as  40  to 
60  feet  high,  in  1896  by  tape  line  they  were  but  32  to  35  feet  high. 
A  propos  of  the  tree  stubs  left  standing  in  the  water  as  witnesses  of 
land  waste,  Mr.  Jos.  Grice  who  was  employed  under  the  United 
States  Engineers  reports  that  such  stumps  were  found  in  water  near 
U-Pt.  II. 
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the  Harbor  Beach  pier,  and  also  just  north  of  the  town  line,  ap- 
parently off  Mr.  Jenks'  lot  above  mentioned,  at  a  point  known  as 
Drowned  Point  from  the  stumps  thus  left.  These  may,  however,  be 
the  relics  of  an  island  known  as  Elm  Island  on  the  old  maps,  on 
which  a  number  of  islands  now  no  more  are  put  down.  He  says 
moi'eover  that  the  building  of  the  breakwater  caused  an  extra  cut 
of  15  to  35  feet  along  the  shore  to  the  north  of  its  end  for  the 
first  few^  years,  until  it  was  checked  by  the  fall  in  lake  level,  1885- 
1896. 

Thus,  as  the  general  situation  of  the  eastern  shore  of  Huron 
county  is  not  unlike  that  of  the  eastern  shore  of  Wisconsin,  so  the 
rate  of  erosion,  judging  from  the  scattering  and  not  very  reliable 
figures  above  given,  seems  not  dissimilar,  perhaps  three  feet  a  year 
as  an  average,  and  almost  certainly  more  at  exposed  points.  If 
now  we  extend  the  general  slope  of  the  land  from  Ruth  to  the  White 
Rock  bluffs,  a  slope  of  about  20  to  25  feet  per  mile,  out  to  the  lake 
level,  we  find  that  it  will  strike  the  same  about  a  mile  and  a  half  out. 
We  also  find,  just  as  Andrews  found,  about  four  miles  out  a  bulge 
in  the  lake  bottom,  and  then  a  comparatively  sudden  drop^  the  bulge 
being  nearly  hit  by  the  grade  line  aforesaid.  The  cliffs  near  "UTiite 
Rock  were  not  all  cut  at  the  present  lake  level,  but  a  slice  was  taken 
off  at  a  level  about  20  feet  above  the  present  nearly  as  far  back  as 
the  present  bluffs,  and  then  successive  slices  farther  down,  but  the 
erosion  has  been  much  faster  at  the  present  level^  or  the  time  so 
much  longer  that  the  action  has  overtaken  all  previous  cuts.  If 
we  assume  the  cut  to  have  been  at  a  uniform  rate  and  to  have  been 
from  the  grade  line  of  the  general  country  the  cut  we  have  would 
have  taken  about  2,800  years,  at  a  rate  of  3  feet  a  year.  But  as  the 
recent  erosion  is  extra  deep  at  White  Rock,  it  may  be  fairer  to  as- 
sume an  erosion  somewhat  higher.  If  we  call  the  time  an  even  2,000 
years  the  average  erosion  would  be  only  about  4  feet  per  year. 

If  we  look  at  the  Lake  Survey  chart  of  Saginaw  Bay  and  part  of 
Lake  Huron,  or  at  the  field  sheets  of  Sanilac  county,  we  shall  see 
the  Algonquin  25  foot  bench  well  indicated  and  running  from  half 
to  three-quarters  of  a  mile  back  of  the  present  shore  line.  But  as 
it  is  so  much  higher  than  the  present  bench,  it  would  cut  the  grade 
line  perhaps  a  mile  nearer  the  shore,  so  that  the  total  breadth  of 
the  notch  cut  at  this  level  may  have  averaged  a  mile  or  less,  not  far, 
perhaps,  from  the  average  breadth  of  the  notch  cut  at  the  present 
level,  as  the  notch  at  White  Rock  is  probably  extra  deep.    We  may 
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also  compare  the  breadth  from  the  present  shore  line  out  to  the  three 
fathom  line.  If  an  equal  amount  of  erosion  has  been  done  at  each 
of  these  levels,  and  the  mean  rate  of  erosion  was  the  same,  and  we 
see  no  reason  why  it  should  have  been  materially  different,  say  3 
feet  a  year,  each  notch  of  a  mile  or  less  at  a  rate  of  3  feet  a  year 
would  have  taken  somewhat  less  than  1,7G0  years.  This  would  im- 
ply a  rate  of      feet  at  White  Rock  to  produce  strict  accordance. 

Taylor's  estimate  for  the  duration  of  the  present  lake  system  from 
the  rate  of  erosion  of  Niagara  is  2,700  years.  In  order  to  bring  our 
figures  into  any  accordance  with  his  (the  factor  of  safety  which  he 
introduces  by  increasing  2,700  to  5,000  to  10,000  seems  to  be  unneces- 
sary), we  must  assume  that  the  Nipissing  erosion  was  at  a  slightly 
lower  level  and  has  been  hidden  by  the  debris  from  the  later  cut  at  a 
higher  level,  so  that  the  time  of  the  Nipissing  Lake  is  not  accounted 
for  in  our  study^  just  as  it  is  omitted  in  the  work  of  Dr.  Andrews 
who  gets  for  the  duration  of  the  present  Lake  Michigan  at  various 
levels,  from  13,000  to  3,000  years,  or  in  another  way,  using  the  rate 
of  erosion  determined  by  the  Wisconsin  Survey,  some  4,700  years. 
I  must  confess  that  the  character  of  the  stream  valleys  and  the  fre- 
quent rock  exposures  near  their  mouths  leads  me  to  believe  that  in 
Huron  county.  Lake  Nipissing  and  Lake  Huron  were  at  nearly  the 
same  level,  and  that  the  cut  at  White  Rock  includes  the  efficiency 
of  them  both.  ^Jij  that  case  the  total  time  since  the  fall  below  the 
40  foot  level  in  Huron  county  could  be  confined  within  4,000  years 
in  accordance  with  all  we  yet  know.  A  certain  check  on  our  re- 
sults may  also  be  derived  from  Gilbert's  measurements  of  fluctua- 
tion of  relative  level  aforesaid.  From  the  relative  strength  of  the 
beach  lines,  we  may  feel  sure  that  the  lake  level  has  remained  more 
than  oi'dinarily  constant  within  the  range  through  which  it  has 
fluctuated  in  the  century.  Therefore  the  rate  of  change  of  land 
level  must  have  been  below  the  average.  Thus,  unless  the  rate  of 
change  found  by  Gilbert  is  abnormally  high  for  the  century  (which 
of  course  it  may  be)  it  must  be  below  the  average  rate  of  change 
during  the  emergence  of  Huron  county  from  under  water/  and  then 
supposing  that  no  oscillations  of  lake  level  which  have  occurred 
have  checked  its  efficiency  as  a  cutting  agent,  according  to  the  fig- 
ures at  the  end  of  the  preceding  section  the  emergence  of  the  last  25 


*AI1  the  above  expressions  are  applicable  to  Huron  County  only,  and  do  not  apply 
to  other  counties. 
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feet  must  be  confined  within  the  past  12,500  rears  (25  .2  feet  per 
centurv).  We  may  note  that  Gilbert's  rate  of  tilting  would,  if  uni- 
formly continued  back  into  the  past,  change  the  present  lake  level 
into  that  of  Lake  Xipissing  (7  in.  per  mile  rise  X.)  in  about  14,000 
rears.  In  the  same  way  the  apparent  rate  of  lowering  of  the  water 
at  the  mouth  of  French  River  would  point  to  14,400  years  since  the 
water  stood  at  the  level  of  the  Nipissing  Beach  there,  and  that  was 
the  outlet  .of  Lake  Xipissing. 

In  Fig.  4  I  have  constructed  a  curve  giving  my  impression  of  the 
relative  importance,  i.  e.,  duration  of  the  shore  lines  at  different 
levels,  taking  into  account  not  only  the  beaches,  but  the  cutting  on 
the  east  side,  and  the  character  of  the  river  valleys.  Perhaps  it  is 
too  daring  to  attempt  such  a  line  which  must  of  necessity  indicate 
more  than  the  facts  warrant,  though  Mr.  Taylor  agrees  with  me  in 
the  general  proposition  that  there  has  been  more  cutting  and  more 
time  indicated  below  the  40  feet  level  than  above,  but  it  gives  to  the 
eye  at  a  glance  my  general  estimate  of  the  strength  of  the  several 
shore  lines.  It  may  in  a  rough  way,  too,  suggest,  though  it.  was 
not  drawn  for  that  purpose,  the  relative  duration  of  the  several 
stages  of  retreat.  We  see  from  it  that  if  we  assume  the  time  since 
the  fall  below  40  feet  above  present  lake  level  to  be  4,000  years,  it 
will  be  easy  to  crowd  the  remaining  fall  into  an  equally  long  inter- 
val.* 

We  see  thus  that  with  the  scale  of  time  as  above  suggested,  it 
would  be  only  some  8,000  years  since  the  ice  sheet  left  Huron  County. 
We  may  double  this  time  and  still  be  in  the  dawn  of  history,  so 
that  it  is  not  too  mucli  to  say  that  the  departure  of  the  ice  sheet 
may  have  been  coeval  with  the  great  tide  of  migration  of  the  human 
race,  which  in  these  latter  days  is  just  completing  the  circuit  of  the 
globe.t 

*Dr.  Andrews  also  finds  that  around  Chicago  the  combined  bulk  of  the  beaches 
of  Lake  Chicago,  which,  in  our  diagram,  correspond  to  all  above  the  40  foot  level, 
and  a  little  more,  are  about  equal  to  those  of  the  present  shore  line  taking  it  out 
to  where  the  water  reaches  a  depth  of  24  to  36  feet.  Here,  however,  again  according 
to  Taylor  the  Nipissing  is  far  below  present  lake  level  at  Chicago,  and  hence  the 
time  of  its  work  should  be  deducted. 

t Estimates  of  the  time  since  the  departure  of  the  ice  sheet  vary  widely,  but  the 
present  estimate,  which  has  little  value,  agrees  with  the  shorter  estimates  of  time. 
Compare  Upham's  discussion  of  the  whole  subject,  with  references  to  others  in 
the  23d  Annual  Report  Geol.  and  N.  H.  Survey  of  Minn..  1S95.  and  Taylor  in  Bull. 
G.  S.  A.,  1S9S.  IX.  pp.  59-64.  also  Moraines  of  Recession.  Jour.  Geol.  (1S95).  July, 
August),  V,  p.  422,  from  which  paper  at  least  20,000  years  can  be  inferred  for  the 
Terrace  epoch  in  Huron  County. 
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The  most  uncertain  factors  in  the  discussion  above  are: 

(1)  The  assumption  that  all  the  erosion  of  the  lake  in  the  time  in 
question  is  above  present  lake  level. 

(2)  The  assumption  that  the  rate  of  erosion  of  the  past  sixty  years 
is  a  measure  for  that  in  the  more  distant  past.  Now  we  know  that 
it  makes  a  great  difference  in  the  activity  of  the  lake,  whether  it  is 
rising  or  fallings  and  generally,  as  Taylor  remarks,  the  action  is  most 
energetic  when  the  lake  is  rising.  But  the  period  we  have  studied 
is  long  enough  to  have  admitted  of  several  rises  and  falls  due  to 
climatic  variations,  while  according  to  Gilbert  the  movement  of  the 
earth  crust  and  the  erosion  of  the  St.  Clair  Kiver  now  tend  to  pro- 
duce a  slow  fall  of  the  lake  such  as  might  easily  be  supposed  to  have 
continued  since  Algonquin  time.  The  more  remote  we  suppose  that 
time,  the  slower  the  mean  fall  must  have  been  than  the  present  rate, 
so  that  the  erosion  would  be  likely  to  be  quicker.  I  cannot  see  that 
our  rate  of  erosion  assumed  is  more  likely  to  be  in  error  one  way 
than  the  other. 

Of  course  there  have  been  times  when  instead  of  erosion  there  has 
been  building,  and  we  have  made  no  allowance  for  them.  But  there 
have  been  such  times  in  the  last  60  years,  notably  the  last  ten,  and 
climatic  variations  have  undoubtedly  produced  these  alternations 
all  along. 

Such  considerations  only  warn  us  to  what  a  range  of  error  all 
figures  are  liable  without  enabling  us  to  improve  those  we  have 
given  by  any  change  derived  from  data  wholly  within  the  county. 


CHAPTEE  T, 


STKATIGRAPHY,  DISTRIBUTION  AND  STRUCTURE  OF  THE 
ROCKS. 

§  1.    The  Cuyahoga  or  Coldwater  shales. 

We  have  in  a  previous  chapter  described  the  character  of  the 
rock  column.  It  now  remains  for  us  to  consider  how  these  rocks  are 
distributed  through  the  county,  what  modifications  they  undergo, 
and  what  the  indications  are  of  their  geological  history,  and,  with- 
out trespassing  too  much  on  the  material  of  a  later  chapter,  what 
are  their  characteristics  from  a  practical  point  of  view.  In  this 
history  we  begin  with  the  underlying  oldest  exposed  beds^  the  blue 
shales  of  the  eastern  coast.  Occasionally  thin  seams  of  sideritic  grit 
are  intercalated,  which  grow  thicker  and  more  abundant  near  the 
top.  They  are  at  present  exposed  only  near  the  eastern  shore  and 
in  the  Willow  Creek  section.  Under  the  cover  of  drift  or  in  deep 
wells  they  are  characterized  by  the  lack  of  good  water  from  the  rock. 
Speaking  generally,  it  may  be  said  that  within  the  region  colored  on 
the  map  (Plate  VII)  as  of  this  formation^  wells  in  the  rock  do  not 
yield  a  satisfactory  supply  of  water,  either  in  quantity  or  quality, 
for  it  is  often  brackish.  The  dip*  of  this  formation  estimating  from 
the  correlations  of  the  deeper  wells^  is  not  far  from  40  feet  per  mile 
and  is  in  a  general  way  on  the  west,  but  the  line  of  strike  shows  a 
veering  from  about  S.  31°  E.,  which  is  the  strike  of  the  Bomingeritm 
julia  beds  from  near  Point  aux  Barques,  down  to  the  Willow  Creek 

*Dips:  From  New  River  to  Grindstone  City  (1010  —  900  or  1080  —  1000  to  1039).  is  47 
ft.  per  mile.  From  White  Rock,  which  is  560  4-  505  feet  below  the  top  of  the  Napoleon, 
to  Sec.  35.  Sebewaing,  is  39  miles:  altitude  of  the  top  of  the  Xapoleon  in  the  well  there 
502  A.  T.:  altitude  of  the  well  at  White  Rock.  592  (:).  Whence  (560  -i-  .505)  x  (.592  -  502)  +  39 
Is  29.6  feet  per  mUe  dip  from  White  Rock  to  Sebewaing.  From  Sebewaing  to  Ruth,  taking 
the  top  of  the  ridge  or  rock  escarpment  near  Ruth  to  be  the  grindstone  or  the  Point  aux 
Barques  sandstone.  70  feet  above  the  bottom  of  the  Marshall,  we  have  505  perhaps  —  70  — 
(592  —  740)  -i-  6  =  59.5  to  71  feet  per  mile.  If  we  take  the  bottom  of  the  Marshall  series  in 
the  flowing  Badaxe  well.  Sec.  19.  Verona  to  be  at  320  feet  down.  i.  e.  437  feet  A.  T..  sub- 
tracting this  from  .592  j-  396.  since  the  Harbor  Beach  well  begins  about  396  lower,  we  have 
551  feet  in  16.8  miles,  or  about  32  feet  per  mile.  SimDarly  to  the  edge  of  the  rock  escarp- 
ment at  Sigel  or  AUen  Creek  would  be  (750  —  437)  -!-  11  =  29  feet  per  mile.  The  strikes 
are  indicated  on  the  map,  Plate  VII,  with  the  dip  assumed  in  finding  them  in  feet  per  mile. 
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to  the  south.  The  dip  seems  to  be  greater  toward  the  east.  The 
character  of  the  sediments  is  quite  uniform,  as  mentioned  above, 
and  with  what  is  known  of  similar  deposits  elsewhere,  we  may  infer 
that  they  are  composed  of  the  finer  detritus  brought  down  by  sedi- 
ment-laden rivers  from  the  Laurentian  highlands  of  Canada,  and 
from  regions  which  contained  much  iron,  i.  e.,  region  of  hornblendic 
rocks.  The  sea  was  not  very  deep  and  the  shore  was  either  not  very 
steep  or  was  yet  quite  a  distance  from  the  present  limits  of  Huron 
county. 

The  indications  are  that  the  rock  surface  in  this  region  is  nearly 
a  plain,  or  rather  a  gentle  slope  from  the  ridge  or  watershed  made  by 
the  more  resistant  rocks  of  the  next  overlying  series.  The  more  im- 
portant wells  that  strike  this  formation,  are  those  at  White  Kock^ 


Fig.  5.  Ideal  view  of  Point  aux  Barques  lighthouse,  showing  the  conglomerate 
and  the  fault.  The  lighthouse  stands  on  the  Algonquin  terrace,  but  to  the  left, 
south,  the  present  lake  has  tut  back  farther  than  Lake  Algonquin. 

Harbor  Beach,  New  Kiver,  Grindstone  City,  Port  Austin,  Port  Cres- 
cent, Caseville,  Bayport,  and  Badaxe.  The  more  important  outcrops 
are  already  partly  described  in  the  geological  column;  additional 
notes  are  as  follows: 

(1)  The  lower  Willow  Creek  valley  gives  a  nearly  continuous  ex- 
posure largely  described  in  the  geological  column. 

(2)  The  Point  aux  Barques  section  (see  geological  column,  Plate  I, 
and  Fig.  5.  Specimens  No.  19044-19083).  In  this  section  we  see  as 
we  go  north  and  northwest  that  the  beds  run  downwards  from  1.5  feet 
at  the  south  end  of  the  bluffs  to  G  feet  above  lake,  near  the  lighthouse. 
Just  beyond  the  lighthouse  the  calcareous  conglomerate  disappears, 
and  is  replaced  by  another  layer  farther  down,  the  exact  and  critical 
point  not  being  exposed  when  we  were  there.  But  this  is  probably 
the  point  spoken  of  by  Winchell  where  there  is  a  fault,  the  most 
extensive  dislocation  seen  south  of  Mackinac,"  as  he  says.  The 
neighborhood  of  the  fault  would  account  for  the  abnormal  dip  of  1° 
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to  li°  to  the  northeast.  The  general  relations  are  illustrated  by 
the  perspective  diagram,  Fig.  5,  which  is  not  drawn  rigidly  to  scale. 
There  are  some  errors  in  Winchell's  account,  as  where  he  speaks  of 
the  lighthouse  being  one  mile  east  of  Willow  Creek,  instead  of  2, 
and  of  the  dip  of  the  sandstone  being  southwest  instead  of  northerly, 
which  it  is  in  reality.  Southwest  is  of  course  the  general  direction 
of  dip  in  this  region.  Kominger's  description  is  more  accurate 
(Geol.  Sur.  Mich.,  Vol.  Ill,  p.  73).  The  palaeontology  of  this  very 
important  section  is  given  at  length  in  Chapter  X.  §  3.  The  shales 
of  this  section  are  also  visible  farther  south  in  a  number  of  ravines 
in  Sees.  12  and  13,  Huron,  cutting  the  bluffs  which  are  at  an  altitude 
of  30  to  39  feet  above  lake  and  overlook  the  Algonquin  terraces. 

(3)  Port  Hope.  A  sandy  shale  occurs  along  shore  and  50  paces 
south  of  mill  at  the  water's  edge,  also  in  the  bed  of  Diamond  Creek 
for  a  few  feet  above  its  mouth.  According  to  Kominger  it  also 
occurs  one  mile  and  a  half  north  of  _the  town  and  in  the  lake  bottom 
close  to  the  dock.  These  beds  appear  to  be  paUieontologically  equiv- 
alent to  those  at  Harbor  Beach. 

(4)  Near  Harbor  Beach  are  frequent  outcrops  for  two  miles  south 
practically  continuous  with  the  exposures  at  Rock  Falls.  Then  again 
north  of  the  town  in  trenches  and  ditches  up  to  the  town  line  (X. 
line  of  §  1,  T.  16  X.,  R.  15  E.),  the  shales  and  bands  of  arenaceous 
shales  heavily  charged  with  carbonate  of  iron  are  exposed.  The 
most  widespread  form  in  all  this  section  from  Port  Hope  to  an  ex- 
posure in  a  wayside  ditch  on  the  line  between  Sees.  30  and  31, 
T.  16  X.,  E.  16  E.,  is  Chonetes  {pulchella  Win?  =)  scitulus,  PI.  X.  Figs. 
1  and  2;  other  forms  are  Productus  Iceiicosta  and  Conular'm  gracilis. 

(.5)  Rock  Falls.  ''The  same  beds  with  Chonetes  and  impressions 
of  Goniatites  are  well  exposed  at  Rock  Falls,  the  ripple-marked  sur- 
face of  the  ledges  *  *  *  being  covered  with  Caudagalli  fucoids 
in  relief,  as  well  as  other  singularly-shaped  prominences  of  organic 
origin."*  At  the  mouth  of  the  stream  (X.  E.  quarter  Sec.  19^  T.  16  X., 
R.  16  E.)  the  water  flows  over  a  ledge  of  shale,  and  shaly  sandstone 
in  alternating  beds,  with  a  fall  of  three  feet.  The  full  section  ex- 
posed was  about  ten  feet.  A  similar  exposure  was  observed  about 
a  mile  below  this.  (Gordon.)  The  fossils  from  this  locality  are  Xos. 
19116-19150,  and  paljeontologically  it  is  said  by  Mr.  Cooper  to  be 
equivalent  to  the  Moot's  Run  section  in  Ohio.    These  same  beds  oc- 

♦Rominger,  loc.  cit.,  p.  76. 
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cur  obscurely  at  the  base  of  the  Algonquin  bluffs  on  and  near  the 
north  line  of  Sec.  31,  T.  16  N.,  R.  16  E. 

(6)  South  of  White  Rock  for  about  a  mile  occur  arenaceous  shale 
beds  in  steep  bluffs  of  25  feet  elevation  above  the  lake.  The  same 
beds  are  beautifully  exposed  for  about  an  eighth  of  a  mile  in  the 
creek  near  the  center  line  of  Sec.  32,  T.  15  X.,  R.  16  E.,  and  are  finely 
jointed;  one  set  strike  S.  52°  W.  dip  to  X.  X.  W.,  a  poorer  set  S.  70^ 
E.  Indistinct  cast  of  fossils,  among  them  Goniatites,  are  found  on 
the  surface  of  the  arenaceous  flags.  (Rominger  loc.  cit.,  p.  76.)  These 
shale  bluffs  are  illustrated  and  i-esulta  of  tests  of  them  described  in 
Vol.  A^II.  Part  I  on  Clays  and  Shales  by  H.  Ries.    See  also  Ch.  TIT. 

§  2.    The  Marshall  sandstones. 

By  the  time  of  the  next  series  above,  that  gpeat  elevation  of  the 
American  continent,  which  marked  the  close  of  the  Palteozoic  era, 
had  advanced  so  that  the  shore  line  was  immediately  adjacent  to 
Huron  county,  and  sandstones  and  coarse  rocks  prevail.  These 
rocks  are  far  more  porous  than  those  which  preceded  them.  The 
figures  of  the  following  table  (II)  gives  some  idea  of  the  physical 
properties  of  these  rocks  in  this  respect.  The  rocks  of  this  series 
can  be  readily  traced,  at  least  so  far  as  the  upper  part  is  concerned, 
since  they  are  the  most  prominent  source  of  water  in  the  county  and 
have  been  pierced  by  numerous  wells.  The  water  derived  from  them 
is  much  freer  from  mineral  matter  than  the  water  from  the  beds 
above  and  below,  being  so  characteristic  that  Prof.  Davis  said  he 
could  recognize  "sandstone  water"  almost  by  the  taste.  Within  the 
area  covered  by  this  formation,  therefore,  one  can  be  almost  sure  of 
obtaining  good  water  soon  after  passing  the  line  between  surface 
and  rock.  As  it  passes  under  cover  to  the  southwest  it  grows  more 
salty,  which  is  not  surprising  since  the  salt  of  the  Saginaw  valley 
is  largely  obtained  from  this  very  formation.  But  it  is  nowhere  in 
the  county  undrinkable  and  the  salt  in  the  deeper  wells  is  probabl}' 
largely  from  imperfect  casing  out  of  the  overlying  waters.  In  Sec. 
19,  Verona,  around  Elkton,  and  almost  anywhere  near  the  shore 
level,  i.  e.,  not  over  11  feet  above  it,  it  furnishes  flowing  wells,  an<3 
in  many  cases  where  the  wells  do  not  flow,  as  around  Owendale  and 
Soule,  they  once  flowed,  but  now  the  drain  on  the  formation  has 
lowered  the  head.  It  is  rarely  that  the  wells  are  cased  deep  enough. 
They  should  be  cased  at  least  down  to  the  top  of  the  Marshall  to 
obtain  the  best  results. 
12-Pt.  II. 
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Table  II.  Physical  properties  of  sandstones,  etc.  All  weights  are 
in  avoirdupois  ounces  (16  to  the  lb.)  per  cubic  foot  and  we  have  as- 
sumed that  1000  oz.  of  water  =  1  cu.  ft.  (which  is  true  nearer  than 
the  limits  of  error). 


A. 

Character  of  rock. 

B. 

Number 
of  survey 
specimen. 

C. 

Sp.  Wt. 

D. 

Weight 
wet. 

E. 

Weight 
dry. 

F. 

Porosity. 

Napoleon  sandstone : 

19161 

3.8 

2,339 
±27 

2.067 

27.2 
±3.0 

Hat  Point 

19087 

2.8 

2.718 
±300 

2.615 
±300 

10.3 
±2.5 

Do  

19102 

2.8 

2.308 

±52 

2.040 

Grindstone  (scythestone  of  the  Hu- 
ron Grindstone  Co..  volume  com- 

2. 420 
±50 

2.280 

±20 

±'oi 

2,290 
±40 

2.070 
±20 

22.0 

Arenaceous  ^hale 

19092 

2.64 

2.500, 
±120 

2.360 
±90 

14.0 

Fine  grained  conglomerate  of  Wil- 
low Creek  

19108 

2.59 

2,520  2.480 
±240 

4.0 

Sandstone  near  Point  aux  Barques 
lighthouse  

19046 

3.18 

2. 8.50 
±50 

2.700 
±50 

15.0 

19006 

2.69± 

2,690 
±350 

2.690 
±350 

Report 
Vol.  V. 

2.72 

2. 720 
170  bbls. 

The  physical  characters  and  subdivisions  as  they  are  shown  along 
the  north  coast  between  Oak  Point  and  Grindstone  City  are  quite 
fully  described  in  connection  with  the  geological  column.  The  Bad- 
axe  well  affords  the  most  detailed  account  to  the  southeast  on  Sec. 
19,  Verona.  As  we  go  southwest  the  lower  part  of  the  series  seems 
to  become  less  sandy,  showing  that  we  are  going  away  from  a  shore 
line  to  the  northeast,  along  which  this  formation  was  deposited,  and 
the  whole  Marshall  appears  in  the  drillers'  records  as  a  hundred 
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feet  or  so  of  white  sandstone  at  top,  very  full  of  water,  representing 
the  Napoleon,  or  some  part  of  it,  and  below  this,  "red  rock,"  "paint 
rock,"  "iron  ore"  and  similar  expressions  are  used  in  describing  it. 
We  can  trace  this  red  rock  so  continuously  along*  that  there  can  be 
but  little  doubt  that  it  represents  the  Lower  Marshall  of  the  north 
coast.  Red  rock  also  occurs  so  constantly  (separated  by  about  18 
feet  of  blue  shale),  under  the  salt  rock  of  the  Saginaw  River,  that  as 
I  am  informed  by  Mr.  J.  Coreyell.  it  is  often  referred  to  in  contracts 
for  boring  wells.  That  the  Marshall  should  be  represented  by  red 
shales  as  we  pass  from  the  shore  is  quite  natural,  when  we  consider 
the  very  ferruginous  character  of  this  lower  Marshall,  due  as  I  have 
suggested  it  may  be  to  the  fact  that  there  were  large  areas  of  basic 
greenstones,  hornblende  schists,  and  similar  ferruginous  rocks  in  the 
region  from  which  it  was  derived.  In  Wincbell's  1861  report  (p.  91) 
he  was  in  doubt  as  to  how  the  Saginaw  well  section  should  be  corre- 
lated with  the  coast,  and  at  that  time  he  was  inclined  to  regard  the 
shale  reached  in  the  Saginaw  well  immediately  under  the  brine  sand- 
stone as  the  "thickened  separating  shale  lying  between  the  Napoleon 
and  Marshall  Groups."  In  this  I  believe  he  was  right.  Later  and 
very  likely  properly,  in  view  of  the  evidence  then  before  him,  per- 
haps also  influenced  by  Rominger's  erroneous  views  as  to  the  Huron 
county  stratigraphy  he  seems  to  have  swung  to  the  other  conclusion, 
and  to  have  thrown  together  the  Xapoleon  and  Marshall,  as  one 
group  under  the  name  of  Marshall.  With  the  evidence  before  us  I 
believe  that  the  other  alternative  must  be  taken  that  the  whole 
Marshall  of  Huron  county  is  not  represented  by  a  hundred  feet  of 
sandstone  beneath  Bay  City  and  Saginaw,  but  that  the  lower  part 
becomes  shaly,  and  not  distinguishable  from  the  formation  beneath. 
In  my  report,  Volume  V,  I  followed  Winchell's  later  view,  but  I 
would  now  draw  the  line,  for  example,  in  the  Bay  City  well  (PI.  VI) 
of  that  volume  for  the  base  of  the  lower  Marshall  as  we  have  defined 
it  in  Huron  county  somewhere  near  1285  feet. 

Though  the  dip  of  the  Marshall  is  in  a  general  way  like  that  of 
the  underlying  formation,  it  has  several  minor  undulations  at 
least  in  the  top  of  the  formation  (see  Fig.  6),  and  it  is  probable 
that  these  are,  like  those  at  Point  aux  Barques  lighthouse  and 

♦See  Sovereign's  weU,  Sec.  30,  Lake;  Sec.  33,  Caseville;  Sec.  18.  T.  IS  N.,  R.  10  E.; 
Meredith's  well  in  Oliver;  200—300  ft.;  Elkton,  Sec.  10,  T.  16  N.,  R.  11  E.,  Pigeon,  Sec. 
11.  T.  16  N.,  R.  10  E. :  Mason's  well  at  Bavport.  Sec.  36,  T.  17  N.,  R.  9  E. ;  at  the 
bottom  of  Voltz's  well  350  feet  deep.  Sec.  10,  T.  15  N.,  R.  9  E.,  and  in  Beck's  well, 
490  feet  deep,  Sec.  16,  T.  15  N.,  R.  9  E.,  both  near  Sebewaing. 
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the  Sebewaing  coal  mines  associated  with  faults  of  small  throw. 
The  capping  of  Learned's  hill  on  Sec.  31,  Port  Austin,  seems  to 
be  left  as  a  small  sTncliual.  since  we  find  on  Sec.  35,  800  paces 
and  135  paces  W..  that  the  Leiopteria  beds  exposed  in  the 
bluffs  of  the  Algonquin  level,  to  the  east  of  the  road  dip  as  much  as 
5^  to  northeast  and  along  the  shore  we  find  between  Hardwood 
Point  and  Flat  Rock  Point  a  blue  shale  which  seems  to  be  mixed 
with  a  breccia  of  angular  pieces  of  the  sandstones  with  which  it  is 
associated.    It,  too,  seems  to  dip  about  1°  E. 

Connected  with  this  synclinal  fold  (from  which  Rominger  may 
have  derived  his  idea  of  the  correlation  of  the  Flat  Rock,  Hat  Pointy 
and  Point  aux  Bai'ques  sandstones),  may  be  the  phenomena  on  Sec. 
5,  Bloomfield,  along  Willow  River.  As  we  follow  this  stream  up 
from  the  section  exposed  at  the  bridge  (p.  24),  on  Sec.  4,  Huron, 
toward  the  south  we  find  blue  clay  shales  and  arenaceous  flags, 
undulating  and  more  or  less  ripple  marked  but  in  general  with 
southerly  dips.  As  we  pass  into  Sec.  9,  Huron,  thicker  and  coarser 
beds  begin  to  appear  above  and  gradually  extend  down  to  the  water 
line,  and  sandstone  balls  (cemented  with  kidney  iron  ore),  are  com- 
mon. By  the  time  we  come  to  the  south  line  of  Sec.  8  there  is  an 
overhanging  conglomerate  with  thinner  slabby  sandstone  under- 
neath, and  some  300  feet  farther  south,  there  is  12  feet  of  sandstone 
which  might  at  first  sight  be  correlated  with  the  Point  aux  Barques 
sandstone.  This  it  is  not,  however,  but  a  coarser  facies  of  the  grits 
of  the  grindstone  quarries,  for  south  of  and  above  it  we  find  the 
well  marked  zone  of  Camarotoechia  camerifera,  and  Romingerina 
julia',  just  as  it  occurs  above  the  grindstone  quarries,  on  Sec.  26,  Port 
Austin.  Besides  we  can  trace  the  Point  aux  Barques  sandstone 
along  continuously  by  well  records  and  by  outcrops  on  Sees.  22  and 
35,  Port  Austin,  and  Sec.  1,  Dwight,  and  we  find  it  succeeding  the  R. 
julia  zone  farther  south  in  Sec.  20 — appearing  first  at  the  top  of  the 
bank  and  gradually  working  down.  The  R.  julia  zone  can  also  be 
plainly  recognized  in  a  well  sunk  near  the  north  quarter-post  of  Sec. 
21,  Huron,  and  gives  our  opportunity  of  most  accurately  determining 
the  general  strike  for  this  region,  viz.,  X.  31°  W.* 

*In  Port  Au^stin  on  the  north  line  of  Sec.  26.  the  C.  camerifera  zone  is  from 
14  to  IS  feet  above  lake;  on  Sec.  17,  Huron,  it  is  from  4S  to  5S  feet  above  lake  and  on 
Sec.  21.  Huron,  about  60  feet  above  lake.  Hence  we  must  allow  for  difference  of  alti- 
tude and  for  a  dip  of  some  30  to  50  feet  per  mile  in  estimating  the  strike.  Also  from 
the  Point  aux  Barques  sandstone,  which  crosses  a  little  north  of  the  north  corner  of 
Sec.  27,  Port  Austin,  and  also  near  the  south  quarter-post  of  Sec.  26  and  the  south- 
east corner  of  Sec.  35,  at  about  the  same  altitude,  and  on  Sec.  20,  Huron,  is  at  a 


DISTRIBUTION  AND   STRVCTVBE   OF   THE   BOCKS.  93 


This  sandstone  disappears  before  we  come  to  the  south  line  of 
Sec.  28,  though  it  is  8  feet  high  about  a  quarter  of  a  mile  north  of 
the  line.  Continuing  south  we  soon  encounter  another  sandstone, 
which  we  might  at  first  take  for  a  higher  bed,  say  the  Port  Austin 
sandstone,  which  can  be  traced  by  wells,  etc.,  from  Port  Austin  to 
outcrops  on  Sec.  3,  Dwight,  and  thence  close  to  the  surface  all  fhe 
way  to  Robinson's  Hill  on  Sec.  13,  Dwight.  But  this  is  rather  too 
far  east,  especially  when  we  allow  for  some  fifty  feet  difference  in 
altitude,  and  moreover  we  seem  to  find  the  sandstone  rising  as  we 
go  up  stream,  appearing  on  the  eastward  turns  of  the  stream,  about 
3  feet  above  the  water  at  the  south  line  of  Sec,  32,  Huron,  and  last 
visible  in  the  west  bank  in  Sec.  5,  Bloomfleld.  While  it  is  difficult 
to  distinguish  general  structural  dips  from  the  minor  undulations 
and  cross-bedding  prevalent  through  all  this  series,  the  appearance 
is  to  me  certainly  as  if  the  Point  aux  Barques  sandstone  rose  again. 
This  may  be  one  end  of  a  gentle  synclinal,  of  which  we  find  the  other 
end  near  Port  Austin.  We  have  accordingly  made  the  lower  bound- 
ary of  the  Marshall  swing  to  the  west  here^  and  this  brings  it  into 
line  with  the  underground  escarpment  of  rock  which  Gordon  found, 
which  in  default  of  any  better  evidence  we  follow.* 

He  describes  it  as  follows :  "From  a  consideration  of  the  well-rec- 
ords it  is  evident  that  a  concealed  rock  escarpment  representing 
the  eastern  limit  of  the  Marshall  occurs  along  a  line  approximately 
corresponding  to  the  township  line  between  Sand  Beach  and  Sigel 
townships.  At  M.  Cowper's,  N.  W.  Cor.  Sec.  19,  Sand  Beach,  this 
sandstone  comes  within  (>  feet  of  the  surface,  while  R.  A.  Brown's 
well;,  660  paces  east  and  north,  shows  48  feet  to  rock,  which  is  a 
shale  evidently  belonging  to  the  Coldwater  shales.  Again  in  Sec.  1, 
Paris,  at  Susalla's,  the  rock  is  but  6  feet  below  the  surface,  while 
a  short  distance,  ten  to  fifteen  rods,  north  of  this  the  rock  comes 
within  2  feet  of  the  surface,  and  at  Lock's  farther  south,  it  is  but  12 
feet  to  rock.  Toward  the  east  within  about  half  a  mile  it  is  said 
wells  fifty  feet  deep  do  not  reach  rock.    In  Sec.  12  of  Sherman  town- 

slightly  greater  altitude,  we  have  a  course  of  almost  precisely  two  north  to  one 
west,  or  N.  27°  "\V.  With  that  strike  the  dip  from  Sec.  27,  Port  Austin,  to  Sec.  21  will 
be  (58-lS)  about  40  feet  per  mile.  The  dip  from  Grindstone  City  to  Port  Austin  as 
derived  from  the  wells  is  (1160-1010  or  122o-a0S0)  i.  e.,  150  to  115  feet  in  5.5  miles,  or 
27  feet  per  mile  while  that  from  Grindstone  City  to  New  River  is  (1010-900  or  lOSO-1000 
or  1029)  more  than  47  feet  per  mile.  In  the  same  way,  comparing  the  top  of  Huron 
City  hill  with  the  sandstones  apparently  corresponding  in  Willow  Creek,  we  have 
(104-20)  H-  •>  =  42  feet  per  mile.  The  flattening  of  the  dip  as  we  approach  the  Port 
Austin  synclinal  seems  evident. 

*This  escarpment  is  cut  and  exposed  by  Allen  Creek  in  Sec.  25,  Sigel,  T.  16  N., 
R.  14  E..  about  400  paces  N.,  and  400  paces  W.  of  the  southeast  corner  and  is  ap- 
parently close  to  the  bed  of  the  stream  for  100  steps. 
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ship,  at  Hoeldke's  it  is  54  feet  to  rock.  At  Paiisville  it  is  90  feet. 
Wells  to  rock  are  not  numerous  enough  to  trace  the  line  accurately, 
but  the  line  drawn  on  the  map  approximately  represents  this  con- 
cealed escarpment.  Xo  indication  of  this  ledge  appears  in  the  sur- 
face configuration.  East  of  Kuth  no  wells  are  found  that  reach  rock. 
Several  wells  occur  toward  the  south  and  west.  Those  to  the  south- 
west show  that  the  eastern  limit  of  the  sandstone  found  at  Susalla's, 
northwest  of  Kuth,  passes  to  the  southward  of  the  latter  place, 
crossing  the  county  line  into  Sanilac  county  near  the  southeast  cor- 
ner of  Sec.  31,,  T.  15  N.,  R.  15  E."' 

If  we  could  see  this  escarpment,  we  should  probably  find  that  like 
many  escarpments  it  was  cut  into  by  little  streams  that  have  crossed 
and  cut  it  back.  This  might  not  be  so  if  it  were  a  single  bed  of 
sandstone  with  softer  beds  on  top.  It  might  then  be  the  divide  all 
the  way  and  run  with  comparative  regularity..  But  we  know  that 
to  the  west  are  the  heavier  sandstones  of  the  Upper  Marshall  which 
would  therefore  be  the  main  divide.  For  a  mile  or  so  west  of  this 
line,  therefore,  one  is  not  sure  of  finding  good  sandstone  water,  but 
the  chances  are  better  the  farther  west  of  the  line  one  is  and  the 
sooner  rock  is  reached,  while  if  the  rock  is  deep,  as  in  the  wells  on 
Sees.  20,  26  and  16^  Paris  township,  the  chances  for  good  water  are 
poorer. 

As  we  have  remarked,  and  as  the  map  (PI.  YII)  shows,  there  are 
enough  outcrops  of  the  three  lower  sandstones,  the  grindstone 
quarry,  the  Point  aux  Barques  and  the  Port  Austin,  to  start  them 
off  from  the  shore  and  it  is  not  diflicult  to  break  up  the  Badaxe  rec- 
ord as  we  have  done  into  a  series  of  heavy  sandstones  above  the  Up- 
per Marshall,  and  then  a  triple  sandstone  series  above  the  bottom  in 
shales,  but  it  may  be  that  the  parallelism  thus  suggested  between 
this  triple  sandstone  and  the  three  sandstones  at  the  north  end  of 
the  county  is  purely  fanciful,  except  in  the  steadily  decreasing  pro- 
portion of  sand  in  the  lower  part  of  the  series. 

If  we  do  assume  such  a  parallelism  then  in  the  Badaxe  well  the 
Lower  Marshall  has  already  shrunk  from  260  feet  to  177  feet.  Some 
shrinking  we  should  expect,  as  the  beds  at  the  north  end  of  the 
county  show  unmistakably  in  their  beach  worn  fragments  that  they 
were  immediately  adjacent  to  the  shore. 

The  fossiliferous  series  on  Sec.  35,  Port  Austin,  T.  19  N.,  R.  13  E., 
the  Marshall  par  excellence,  palseontologically  speaking,  can  be 
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traced  down  into  Sec.  2,  Hume,  and  the  isolated  outcrop,  Sp.  No. 
19100,  which  is  found  on  Sec.  10,  Hume,  at  Port  Crescent,  seems  to 
belong  in  the  same  series.  The  sandstone  of  Hat  Point  can  be  fol- 
lowed some  distance  south-soutlieast  from  the  shore  in  bluffs  in 
Sec.  7,  and  reappears  in  Sec.  20,  Hume  [Sps.  Nos.  19096,  19097]  thus 
giving  us  a  good  strike  similar  to  that  around  Point  aux  Barques, 
but  more  to  the  north  [N.  15^  W.]  The  escarpment  fronts  east  and 
all  the  indications  are  that  the  dip  is  the  normal  one  to  tlie  south- 
west. But  it  is  obvious  that  if  the  marked  easterly  dips  which  we 
had  around  Hardwood  Point  were  long  continued,  we  should  have 
the  Port  Austin  sandstone,  which  ran  below  the  water  line  at  Flat 
Rock  reappearing  from  the  waves.  As  already  suggested,  there  is 
probably  a  little  fault,  enough  only  to  counterbalance  the  abnormal 
dips  in  part,  for  we  find  the  Port  Crescent  well  only  25  feet  deeper 
than  those  at  Port  Austin.  The  dip  from  Port  Crescent  to  Caseville 
is,  according  to  the  wells,  about  (1750-1250-^11.7)  43  feet  per  mile  on 
an  average.  This  dip  is  probably  a  little  steeper  than  that  for  the 
middle  of  the  distance.* 

Allowing  for  10  feet -dip  or  less  and  a  strike  not  more  north  than 
N.  15°  W.,  we  find  that  the  Hat  Point  sandstone  should  extend  to 
Filiou,  and  in  confirmation  we  find  on  Sec.  20,  Lincoln,  a  well  with 
abundant  water  immediately  at  the  top  of  the  rock.  It  should  again 
appear  at  the  top  of  the  Badaxe  well  on  Sec.  19,  Verona,  and  we 
find  the  first  hundred  feet  of  rock  of  that  well  and  the  wells  on  Sec. 
24,  Colfax,  mainly  sandstone,  so  that  we  should  find  the  bottom  of 
the  Upper  Marshall  according  as  we  use  the  dip  derived  from  Harbor 
Beach,  or  a  dip  of  40  feet  to  the  mile,  some  2^  or  3  miles  to  the  east 
of  Badaxe. 

Thus  we  find  it  continuing  into  a  ridge  in  the  rock  surface, 
which  extends  on  toward  Tyre,  a  ridge  which  underlies  the  higher 
part  of  the  county,  though  the  rock  surface  is  not  anywhere  near 
so  irregular  as  the  present  surface,  since  wells  upon  the  ridges  of 
till  strike  the  rock  deeper  down  than  those  in  the  valleys.  And 
finally  just  outside  the  county  we  find  outcrops  of  sandstone  once 
more,  near  Tyre  where  the  old  channel  between  the  lakes  around  the 
Point  has  scoured  down  to  rock.   But  to  get  the  most  close  parallel 

*From  SovereiKn's  well.  Sec.  30,  Lake  to  Adams'  well  at  Caseville  at  about  equal  elevation, 
the  sandstone  sinks  from  87  feel  to  about  120  feet  below  surface.  They  are  about  2.5  miles 
apart  at  right  angles  to  the  strike  which  would  make  a  dip  of  only  21  feet  per  mile. 
Comparing  Sovereign's  well  and  Leipprandt's  well,  Sec.  13,  T.  17  N.,  R.  10  E.,  we  have 
similarly  228-27— (87-25)  h-  3.1  =  45  feet  per  mile. 
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to  these  Tyre  outcrops,  we  must  retrace  our  steps,  and  begin  at  Little 
Oak  Point  where,  exposed  in  the  Babbitt  sandstone  quarry  and  not 
at  present  worked^  we  have  a  coarse  and  porous  sandstone.  There 
is  also  sandstone  on  the  south  shore  of  Rush  Lake,  and  we  can  trace 
the  sandstone  along,  very  near  the  surface  in  Sec.  6,  Meade,  exposed 
on  the  Pinnebog  in  Sec.  5  adjacent,  extensively  exposed  along  the 
road  in  the  ditch  on  the  north  line  of  Sec.  16,  Meade,  and  making  a 
marked  ridge  which  runs  southeast  through  Sec.  15,  Meade.  The 
samples  taken  here  are  extremely  like  those  from  the  Babbitt  sand- 
stone quarry.  (Sps.  Xo.  19101  and  19102  like  Sp.  is"o.  19161 . )  These 
sandstones  are  evidently  near  the  center  of  the  Xapoleon  sandstone 
and  the  summit  of  the  prominent  ridge  in  the  rock  surface.  Hence 
we  may  obtain  from  it  some  idea  of  the  general  course  of  the  strike 
which  evidently  veers  from  southeast  to  south.  We  do  not  know 
just  how  far  this  sandstone  horizon  lies  below  the  top  of  the  Na- 
poleon sandstone  but  wells  like  Sovereign's  on  Sec.  30,  Lake,  Louns- 
berry's  on  Sec.  3,  Chandler  and  the  Badaxe  cemetery  well  on  Sec.  24, 
Colfax,  make  it  obvious  that  there  is  a  considerable  thickness. of 
sandstone  and  nothing  of  importance  but  sandstone  between  it  and 
the  top  of  the  Napoleon.  This  latter  we  assume  to  be  near  Oak 
Point  where  the  coarse  water-bearing  sandstones  are  overlain  by 
bluish  drab-colored  limestone  ledges  of  dolomitic  or  partly  arena- 
ceous character,  fossiliferous,  as  described  by  Rominger  (Vol.  III. 
pp.  70,  103).  and  apparently  similar  in  character  to  outcrops  found 
on  Sees.  18  and  19,  Meade  (T.  17  X.,  R.  12  E.).  This  line  seems  to  be 
a  well  defined  one  in  almost  all  the  wells,  being  generally  the  one 
where  a  flow  of  water^  or  a  new  flow  of  water  was  struck.  The 
Napoleon  sandstone  is  much  more  porous  than  the  overlying  beds 
of  the  Michigan  series.  (Cf.  Table  II.)  Tracing  the  top  as  best  we 
can  in  the  records  of  the  wells,  we  have  platted  the  observations  in 
Fig.  6  and  sketched  in  contours  accordingly.  The  numbers  of  this 
map  are  of  practical  importance,  for  by  subtracting  the  nearest  one 
from  the  altitude  of  any  point  above  tide,  as  given  in  Plate  VIII  one 
may  form  an  estimate  as  to  how  far  drilling  should  be  carried  for 
the  best  results.  It  will  be  noticed  that  the  surface  of  the  top  of  the 
Marshall  as  thus  delineated  is  not  accordant  with,  and  is  much  more 
irregular  than,  the  bottom  of  the  formation  in  dip  and  strike.  It 
is  thrown  into  a  series  of  gentle  folds  pitching  toward  the  northwest 
and  corresponding  in  a  general  way  to  that  slight  fold  which  we  have 
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spoken  of  near  Port  Austin  and  also  to  the  fold  in  the  coal  mine  at 
Sebewaing.  As  there  may  be  some  hesitation  in  admitting  such  a 
comparatively  complex  stratigraphy  on  the  somewhat  uncertain  evi- 
dence of  drill  records,  it  may  be  well  to  mention  some  confirmatory 
facts: 


^  CHARITY  IL. 


Fig.  6.   Contours  showing  the  elevation  of  the  top  of  the  Upper  Marshall  above  sea  level. 

(1)    The  dips  of  the  Bayport  limestone  on  North  Island,  on  Big 
Charity  Island  and  at  the  quarries  are,  as  indicated  on  Plate  VII.  in 
harmony  with  the  structure  assumed. 
13-Pt.  II. 
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(2)  At  a  nearly  uniform  distance  above  the  top  thus  determined 
there  is  a  gjpsiferous  zone,  so  that  the  deep  rock  wells  in  the  area 
where  the  top  of  the  Napoleon  is  less  than  550  feet  above  tide,  are 
prettv  apt  to  be  strongly  mineralized.  In  fact  the  tracing  of  the 
gypsum  had  led  me  to  some  such  stratigraphy  long  before  the  con- 
tours of  Fig.  6  were  drawn. 

(3)  The  records  of  the  Caseville  and  Bayport  deep  wells  show 
that  there  is  nowhere  near  the  usual  grade  per  mile  between  these 
wells. 

(4)  The  old  rock  surface  as  given  on  Plate  seems  to  show  that 
the  streams  which  cut  it  were  adjusted  to  some  such  structure  as 
here  indicated. 

§  3.    Lower  Grand  Rapids.  Michigan  series.* 

In  this  the  Lower  Grand  Rapids  complex  we  have  a  series  of  con- 
siderable interest,  both  theoretically  and  practically,  but  one  which 
taxes  all  the  resources  of  the  geologist  to  study,  as  outcrops  are  very 
rare.  We  refer  to  the  series  of  dolomitic  limestones,  gypsum  beds 
and  shales,  which  we  call  the  Michigan  series.  The  harder  beds 
of  dolomitic  limestone  are  the  most  likely  to  be  left  in  ridges  on  the 
rock  surface,  and  therefore  the  most  likely  to  be  exposed,  and  these 
bluish  argillaceous  limestones  resemble  very  strongly  those  used 
near  Milwaukee  for  the  production  of  Milwaukee  cement,  which 
were  also  formed  under  similar  geological  conditions,  though  not  at 
the  same  time. 

The  Marshall  was,  as  we  have  remarked,  a  period  of  uplift  and  at 
least  for  the  earlier  part  of  the  time  a  period  of  rapid  degradation 
of  the  land,  i.  e.,  of  wet  climate.    Toward  the  end  of  the  time  the 


*In  Volume  V,  I  included  this  series  in  the  Grand  Rapids,  rejecting  the  term 
Michigan  Salt  Group  as  used  by  Winchell,  because  there  are  well  founded  and 
generally  accepted  objections  to  such  terms  as  Salt  Group,  as  applied  to  groups 
of  rocks,  and  especially  since  we  have  in  Michigan  another  formation  much  richer 
in  salt,  which  material  is,  so  far  as  yet  known,  merely  a  mineralogical  curiosity  in 
the  "Michigan  Salt  Group."  I  then  proposed  to  replace  '  Michigan  Salt"  hy  "Grand 
Rapids,"  a  place  identified  with  the  manufacture  of  plaster  from  gypsum,  so  char- 
acteristic of  this  formation,  including  also-in  this  term  the  limestones  which  were 
according  to  Winchell  and  Rominger  equivalent.  But  I  have  on  farther  consider- 
ation decided  that  I  ought  to  have  retained  the  part  of  Winchell's  name  which 
was  open  to  no  objection,  viz.:  Michigan,  and  especially  because  during  the  forma- 
tion of  the  series  in  question  Michigan  was  a  separate  province  to  which  these 
rocks  were  confined.  I  used  the  term  Grand  Rapids  group  in  a  more  inclusive 
sense  than  the  "Michigan  Salt  Group"  of  Winchell  to  include  also  the  overlying 
"Carboniferous  limestone"  of  Winchell,  the  Bayport  or  Maxville  limestone  of  this 
report,  which  has  also  been  well  exposed  at  Grand  Rapids.  Since  that  time,  how- 
ever, the  records  at  Alma  and  Midland  and  South  Saginaw  (Salina)  with  the 
samples  preserved,  together  with  the  older  records  recorded  in  Vol.  V,  have  shown 
that  the  gypsum  beds  and  the  characteristic  shales  associated  are  widely  persistent 
and  need  not  be  confounded  in  one  group  with  the  limestone  above,  and  at  the 
time  of  formation  of  this  group  Michigan  was  a  separate  geological  province, 
through  which  these  rocks  were  quite  uniformly  developed  in  the  basin  in  which 
they  were  formed.  Their  correlation  with  the  Burlington  and  Keokuk,  i.  e..  Au- 
gusta limestones  of  the  Mississippi  I  have  already  mentioned  (Chapter  II.  §  4). 
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climate  may  have  become  dryer,  for  the  Napoleon  is  freer  from  mud, 
and  more  of  the  nature  of  a  glass  sand,  with  the  grains  of  quartz  well 
rounded  and  freed  from  foreign  ingredients.  I  dwell  upon  this 
point  because  it  has  some  bearing  upon  the  coal  question.  Coal 
has  been  reported  below  the  coal  measures  in  a  well  on  Sec.  2, 
Dwight,  T.  IS  X.,  R,  13  E.*  and  from  the  Michigan  series  in 
Sovereign's  well  on  Sec.  30,  Lake,  T.  18  N.,  R.  11  E.,  also  on  Sec.  21, 
T.  15  N.,  R.  9  E.  about  75  feet  above  the  white  sandstone  of  the  Na- 
poleou. 

While  the  Marshall  very  frequently  contains  coaly  bits  and  fossil 
rushes,  it  has  never  been  found  to  contain  workable  deposits  of  coal, 
and  Though  the  conditions  during  the  time  of  the  Marshall  and  the 
Michigan  were  in  one  way  favorable,  for  the  upper  part  was  just 
about  water  level  and  small  coal  pockets  prophetic  of  the  genuine 
coal  measures  will  probably  be  found  in  them,  the  probabilities  are 
against  finding  workable  coal  in  the  Michigan  series.  For  one 
thing,  the  abundant  vegetation  required  to  make  coal  beds  requires  a 
moist  climate.  On  the  other  hand  the  accumulation  of  gypsum  re- 
quires a  reasonably  dry  climate,  and  we  are  not  therefore  likely  to 
find  much  coal  immediately  associated  with  gypsum  in  the  Michi- 
gan series.  The  coal  reported  from  the  Michigan  series  is  likely 
therefore  to  be  slight  in  quantity,  and  in  most  cases  reported  is  likely 
to  turn  out  black  shale. 

The  conditions  of  formation  ot  this  series  seem  to  have  been  as 
follows:  The  uplift  of  the  Marshall  had  proceeded  so  far  that  not 
only  Canada  to  the  north,  but  northern  Ohio  and  southern  Michigan 
were  out  of  water,  and  in  the  enclosed  basin,  thus  formed,  no  ex- 
tensive river  entered,  capable  of  keeping  up  the  supph'  of  water 
against  the  evaporation  of  a  hot  sun.  The  deposits  must  have  been 
slow  compared  with  those  of  the  Marshall  preceding.  Limestone 
might  be  directly  precipitated,  and  in  that  case  would  be  likely  to  be 
free  from  magnesia,  or  the  lime  might  be  deposited  in  the  shells  of 
the  animals.  Fine  mud  would  slowly  form,  and  one  of  the  most  char- 
acteristic features  of  this  formation  are  the  beds  of  exceedingly  fine 
clay,  often  quite  plastic.  It  is  likely  that  some  of  these  will  be' valu- 
able, if  easily  accessible.  Finally  after  a  sufficient  time  to  allow  of 
the  concentration  of  the  sea-water  gypsum  was  deposited.  This 
would  be  interrupted  of  course  by  variations  in  the  wetness  and  dry- 


*Cf.   Winchell's  Report,  1860,  p.  74. 
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ness  of  seasons,  and  the  cvcle  above  mentioned  was  repeated  with 
variations  until  a  depression  let  in  the  waters  of  the  open  sea  once 
more. 

Just  below  water  le^el  at  Oak  Point  are  loose  fossiliferous  slabs 
of  argillaceous  limestone  which  might  well  be  a  good  hydraulic 
cement  rock.  The  limestone  near  Oak  Point  we  lose  sight  of  upon 
the  surface*  unless  the  limestones  around  Soule  are  of  the  same  hori- 
zon. But  the  Soule  limestones  seem  to  be  about  70  feet  above  the 
bottom,  somewhat  higher  in  the  series,  and  are  underlain  by  quite 
a  thickness  of  dark  blue  shale,  often  reported  as  black,  or  even  as 
coal,t  before  we  come  to  the  Napoleon.  We  find  limestones  exten- 
sively exposed  on  Sec.  24,  T.  17  X.,  R.  11  E.  and  on  Sec.  19,  T. 
17  X.,  R.  12  E.,  along  the  valley  of  the  Pinnebog,  and  they  seem  to 
come  close  to  the  surface  at  a  considerably  greater  altitude  on  Sec. 
18,  T.  17  X.,  R.  12  E.  (Specimens  Xos.  1910.3-5,  19009.  19222-23.1 
Then  as  the  formation  swings  around  in  a  synclinal  following  the 
contour  curves  of  the  X'apoleon  (Fig.  6),  we  lose  sight  of  these  lime- 
stone beds^  though  they  are  suggested  by  the  record  of  Klemmers 
well,  Sec.  7,  Colfax  and  some  of  the  wells  in  Grant  township,  until 
we  get  down  into  Tuscola  county,  where  similar  beds  are  exposed 
above  and  below  Cass  City. 

The  shales  with  which  they  are  associated  are  sometimes  reported 
as  black,  but  all  the  samples  seen  show  only  dark  blue  shales. 
Like  the  limestone,  however,  they  are  more  or  less  pyritiferous. 
They  are  around  Sebewaing  often  very  fine  grained  and  sticky,  but 
vary  somewhat  in  physical  character  from  point  to  point. 

X^ot  far  above  the  Soule  limestones,  near  Soule,  about  100  feet 
above  the  bottom  of  the  formation  is  a  gypsum  bed,  which  grows 
less  and  less  to  the  southwest,  ^'e  may  infer  this  position  from  the 
facts  reported  that  gypsum  was  dredged  from  the  river  at  Case- 
ville  and  found  in  shallow  wells  and  was  first  encountered  in  Codey's 
well  in  Sec.  24,  T.  17  X.,  R.  11  E.,  and  in  shallow  wells  on  Sec.  2..5. 
immediately  south,  whereas  in  Collison's  well,  Sec.  15,  Fairhaven, 
the  gypsum  is  probably  not  so  far  above  the  X'apoleon  sandstone, 
and  in  Bauer's  well.  Sec.  8,  Sebewaing,  I  can  find  no  trace  of  it,  the 
whole  thickness  of  the  formation  having  dwindled  from  about  200 
feet  to  125  feet.   Supposing  it  to  be  a  hundred  feet  above  the  Xapo- 

•Although  it  is  not  uncommon  to  find  a  limestone  just  above  the  Napoleon  sand- 
stone in  the  wells,  e.  g.,  Bauer's  well  on  Sec.  8,  Sebewaing,  and  Haffner's  well  on 
Sec.  34,  Fairhaven,  T.  16  N.,  R.  9  E. 

t Sovereign's  well  on  Sec.  30,  Lake. 
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leon,  aud  that  is  about  the  relative  position  at  Alma  and  Midland, 
we  may  trace  its  outcrop  on  the  rock  surface  of  Plate  VII,  by  see- 
ing where  a  surface  100  feet  above  the  surface  outlined  by  the  con- 
tours on  Fig.  6,  would  cut  the  surface  indicated  by  the  contours 
of  that  plate.  For  example,  the  surface  of  the  Napoleon  is  about 
500  feet  above  tide  near  the  southeast  corner.  Sec.  5,  T.  17  2s.,  R.  11 
E.  and  hence  the  gypsum  bed  should  be  about  600  feet  above  tide 
there.  But  the  rock  surface,  cf.  Plate  VII,  is  also  about  600  feet 
above  tide.  Hence  the  gypsum  should  strike  the  rock  surface  there. 
Thus  we  can  follow  point  by  point  the  extension  of  the  gypsum 
bed.  We  may  control  and  check  this  somewhat  theoretical  loca- 
tion by  observations  upon  the  character  of  the  well  water.  For  not 
only  is  gypsum  somewhat  soluble,  so  as  to  strongly  impregnate  the 
well  water  of  any  well  which  strikes  it,  but  the  evaporation  went  on 
so  far  as  in  some  cases  probably  to  throw  down  a  little  salt,  for 
from  only  100  feet  depth  Mr.  Leipprandt  on  Sec.  13,  T.  17  N.,  R.  10 
E.,  gets  a  very  strong  brine.  If  rock  salt  was  not  formed,  the  sea 
water  must  have  been  at  any  rate  a  concentrated  brine,  which  would 
be  more  or  less  entangled  in  the  pores  of  the  rocks  laid  down. 
Hence  wells  drawing  water  from  this  formation,  would  be  strong 
of  sulphates  (gypsum  is  sulphate  of  lime)  and  very  probably  salty. 

Now  we  have,  to  confirm  our  line  of  farthest  extension  of  gypsum 
as  drawn  upon  Plate  VII,  the  following  facts: 

In  Caseville  Harbor  it  appears  to  have  been  dredged,  and  at 
Mintline's  place  near  by,  it  is  reported  to  have  been  struck.  To 
the  southeast  on  Sec.  1,  T.  17  X.,  R.  10  E.,  Adams'  well  found  salty 
water  at  93  feet  depth  which  was  removed  by  casing  to  112  feet. 
Over  on  Sec.  2,  Libby  and  Gardner  both  have  wells  strong  of 
sulphates,  and  to  the  east  on  Sec.  6,  Chandler,  near  the  east  line 
there  is  a  salt  spring  and  Woodworth's  well  near  by  on  Sec.  5  is 
quite  brackish.  In  Sec.  8  and  also  on  the  north  side  of  Sec.  9  we 
find  wells  strong  of  sulphates,  but  not  so  salty  (perhaps  the  salt  bed 
thins  out  as  we  approach  the  edge  of  the  basin). 

On  Sees.  16,  17,  18,  we  have  wells  charged  with  sulphates.  To 
the  east  of  these  sections  we  have  a  very  different  water,  very  free 
from  mineral  matter,  and  there  are  no  signs  of  the  gypsum,  ex- 
cept that  on  Duffy's  place  there  is  a  sinkhole  which  might  suggest 
gypsum.  This^  however,  probably  comes  from  the  collapse  of  some 
cave  in  the  limestones  beneath  the  gypsum.  On  Sec.  24  we  find  in  the 
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south  part  wells  and  reports  which  indicate  gvpsum,  and  most 
markedly  so  in  the  next  section  south,  Sec.  25.  On  Sec.  36  we  still 
find  records  and  waters  that  indicate  gypsum,  and  even  over  on  the 
southwest  corner  of  Sec.  6,  Colfax,  then  the  line  of  gypsum  exten- 
sion swings  north,  the  Elkton  wells  not  being  strongly  mineralized, 
and  follows  near  the  north  line  of  Oliver  township. 

As  it  advances  into  Caseville  the  gypsum  seems  to  be  cut  into 
by  the  old  river  valley.  Otherwise  it  would  cover  practically  all 
this  corner  of  the  township,  though  the  anticlinal  indicated  in  the 
Xapoleon  sandstone  by  Fig.  6  would  carry  it  clear  of  Berne. 

Then  apparently  it  follows  down  the  old  river  valley  which  is 
quite  natural  as  it  would  easily  be  dissolved  and  eroded,  but  finally 
extends  over  it,  as  we  find  highly  mineralized  wells  on  Sec.  2.3, 
and  at  Winsor,  and  finally  one  on  Sec.  10  near  Owendale,  which 
only  penetrates  a  short  distance  into  the  rock.  From  a  well  on 
Sec.  33,  Oliver,  a  foot  of  plaster  is  also  reported,  but  none  of  the 
waters  in  that  region  indicate  any  such  extension.  In  fact  as  to  the 
extension  in  Sec.  23  and  Winsor,  it  must  be  remembered  that  it  is 
by  no  means  necessary  that  wells  strong  in  sulphates  should  have 
their  sulphates  derived  from  gypsum,  or  from  sea-water  at  all. 
Sulphates  may  be  derived  from  the  oxidation  of  sulphides  of  iron 
pyrites,  etc.,  which  are  abundant  in  the  rocks  of  this  and  the  over 
and  underlying  series.  Hence  sulphated  water  can  be  used  readily 
only  as  confirmatory  of  evidence  which  in  the  direction  of  Owendale 
is  scanty.  But  turning  northward  again  as  is  required  by  the  an- 
ticlinal indicated  by  Fig.  6,  in  the  Xapoleon,  we  find  in  Sees.  28, 
29,  30,  and  in  the  north  part  of  Sees.  31,  .32  and  33.  Winsor,  T.  16  N., 
E.  10  E.,  a  group  of  wells  very  strong  in  sulphates  and  cathartic.  This 
group  we  can  trace  on  through  Sees.  25  and  26,  Fairhaven,  and  here 
we  are  quite  near  to  Collison's  well  on  Sec.  16,  from  which  we  have 
seen  samples  of  gypsum.  This  well  is  in  the  midst  of  a  group  of 
wells  which  all  are  heavily  charged  with  sulphates. 

Over  on  the  southwest  side  of  the  anticlinal  which  runs  up  here 
(indicated  by  the  rise  in  the  Xapoleon  in  Fig.  6),  in  the  Sebewaing 
coal  basin,  the  gypsum  does  not  seem  to  have  been  formed,  judging 
from  the  well  records  and  samples,  and  hence  we  have  extended  this 
line  no  farther  in  that  direction.  The  Michigan  series  as  a  whole 
still  occurs,  with  characteristic,  fine,  plastic,  blue  or  gray  shales, 
and  dark  blue  or  brown,  pyritiferous  dolomites,  and  the  wells  which 
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pass  througli  it  are  liable  to  be  rather  heavily  charged  with  sul- 
phates and  salt.  The  most  detailed  and  accurate  record  is  that  of 
Bauer's  well  in  Sebewaing,  Ch.  V,  §6.  The  fact  that  the  gypsum  does 
not  extend  here  may  be  explained  by  supposing  that  at  the  time  of 
the  gypsum  formation  the  sea  had  dried  so  much  as  to  have  shrunk 
away  from  this  part. 

In  some  parts  of  the  basin  at  least  there  are  probably  other  beds 
of  gypsum  above  this  lowest  which  we  have  just  followed.  Such 
are  indicated  by  the  salt  spring  charged  with  sulphates  on  Sec.  16, 
Caseville,  and  by  the  fact  that  Leipprandt  who  makes  salt  from 
a  well  100  feet  deep  on  Sec.  13,  Caseville,  also  has  a  well  strong  in 
sulphates  only  55  feet  deep.  Schubach's  well  on  Sec.  23,  and  Lut- 
son's  on  Sec.  32,  Caseville,  and  a  well  on  Sec.  4,  Winsor,  all  seem  to 
point  to  a  higher  bed  somewhere  about  175  feet  above  the  Napoleon. 
According  to  F.  Mueller  a  gypsum  bed  was  struck  in  wells  on  Sec.  3, 
Winsor,  and  large  specimens  of  a  good  quality  of  gypsum  were 
shown  me.  It  was  said  to  have  been  met  about  32  feet  down. 
If  in  place,  which  I  doubt,  it  must  be  at  almost  the  extreme  margin. 
Wells  near  by  show  a  much  greater  depth  to  rock,  however,  and  the 
gypsum  seen  may  have  come  from  the  drift,  like  blocks  of  gypsum 
found  on  digging  a  well  in  Sec.  26,  Caseville,  T.  17  Is.,  R.  10  E.  The 
upper  part  of  this  formation  is  shown  in  the  deepest  well  on  Sec.  5, 
Winsor,  and  is  a  fine  grey  shale,  somewhat  calcareous,  with  narrow 
seams  of  sand,  and  somewhat  pyritic,  but  in  general  very  fine 
grained.  These  upper  shales  are  apparently  lighter  colored  in  the 
northern  part  of  the  county  than  the  shales  in  the  lower  part  of  the 
series.    Near  Sebewaing  no  such  contrast  can  be  observed. 

Concerning  the  fossils  of  this  formation,  see  Chapter  X. 

§  4.    Bayport  (Maxville)  limestone. 

This  is  one  of  the  best  exposed  and  most  fossiliferous  of  the 
formations  of  Huron  county.  It  is  the  only  characteristic  repre- 
sentative of  the  great  series  of  limestones  of  the  Mississippi  valley. 
As  I  have  mentioned  in  my  account  of  the  geological  column,  in 
Chapter  II,  it  represents  the  Maxville  limestone  of  Ohio,  and  the 
Upper  St.  Louis  limestone  of  the  Missouri  Survey,  and  probably 
marks  the  epoch  of  depression  which  admitted  the  open  sea  once 
more  into  the  basin  of  Michigan  (Fig.  2),  and  put  an  end  to  the 
se])aration  of  that  basin  into  a  distinct  province  by  itself  that  char- 
acterized the  epoch  of  the  Michigan  series.     The  deposition  of 
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gypsum  miglit  have  been  terminated  in  two  ways, — either  by  an 
increase  in  the  precipitation  and  supply  of  fresh  water,  or  by  an 
opening  to  the  sea.  The  characters  of  the  Bayport  deposits,  clear 
limestones  and  dolomite^  and  limestones,  and  white  sandstones, 
crowded  with  life,  and  yet  comparatively  free  from  mud,  indicate 
that  the  climate  remained  dry. — that  it  was  not  the  former  alter- 
native but  the  latter  that  took  place.  This  formation  is  char- 
acteristically full  of  chert,  chalcedonic  and  clay  nodules,  often  a 
genuine  limestone,  about  95^  Ca  CO3  with  little  magnesia  but  gen- 
erally impregnated  with  silica,  and  it  abounds  in  corals,  which  gen- 
erally prefer  clear  water.  Signs  of  vegetation  are  rare.  From  all  this 
we  may  infer  that  at  this  time  the  climate  continued  dry  and  hot  as 
in  the  previous  epoch,  but  that  the  Michigan  basin  became  an  arm  of 
the  great  interior  sea.  The  thickness  of  this  formation  around  Bay- 
port  is  about  fifty  feet  and  the  indications  are  that  there  is  a  con- 
siderable thickness  all  along  that  edge  of  the  basin,  but  as  we  go 
southwest  it  seems  to  diminish  considerably  in  thickness,  until 
around  Sebewaing  we  cannot  safely  assign  more  than  27  feet  to  this 
formation.  Brown,  yellow  and  white,  not  blue  nor  black,  are  the 
more  characteristic  colors  for  this  formation.  On  Charity  Island 
the  formation  is  quite  well  exposed,  and  has  been  described  both 
by  Winchell  and  Rominger.  Winchell  gives  the  section  on  the 
north  side  of  the  island  as  follows:*  C.  Limestone,  areno-calcare- 
ous,  containing  Bryozoa,  Cyathophyllida),  and  Allorisma  10  inches. 
B.  Limestone  with  cherty  nodules  10  inches.  A.  Sandstone,  cal- 
careous, obliquely  laminated  4  feet.  "Some  portions  of  A  are  well 
characterized  sandstone  of  a  whitish  or  grayish  color.  The  laminje 
extend  from  top  to  bottom  of  the  mass,  dipping  northwest  at  an 
angle  of  about  45°.  They  are  quite  undulating  and  even  contorted, 
and  the  whole  mass  shows  something  of  a  rude  concretionary  struc- 
ture." This  cross-bedding  of  the  sandstone  is  like  that  met  with  in 
a  sandstone  in  similar  relation  to  the  limestones  on  the  Bayport 
quarry  on  Sec.  o.  T.  16  X.,  R.  10  E.,  at  a  depth  of  from  25  1-3  feet 
to  29  feet  [Fig.  9].  It  also  reminds  one  of  the  abnormal  dip  of  the 
lamination  in  the  type  exposure  of  Winchell's  Parma  sandstone 
(Report,  1860,  p.  113).  The  "rudely  concretionary  structure*'  is  evi- 
dently the  same  as  the  anticlinal  of  Rominger's  description  (Vol.  Ill, 
p.  119),  who  describes  the  section  as  follows:    L'pper  horizontal 


♦Report,  1860.  p.  lOi. 
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beds,  a  pure  liino  rock,  free  of  sands,  with  numerous  flint  nodules,  and 
interlaniinated  with  tliin  seams  of  calcareous  shale  with  Lithoat lo- 
tion  prolifeniiii.  Si/riiit/oiKird  niiiiiilosa,  Fenestella,  Polypora,  Fio- 
(hwtus  flemmiii(/ii.  Mlorisiini  chtnita,  and  fish  teeth  not  abundant, 
8  feet.  Lower  beds  lying  in  a  discordant  stratification  beneath  the 
upper  in  an  anticlinal,  the  higher  ledges  arenaceous  but  with  lime 
prevailing,  with  flint  concretions,  Zaplireiitis  spinulosa,  Lithostrotion 
proliferum,  ripple-marked,  5  feet.  Lowest  beds  a  light  colored  rip- 
ple-marked calcareous  sand  rock  about  one  foot  above  the  water 
level,  1  foot.  Eominger  sketches  this  as  follows  (Fig.  7),  and  found 
no  outcrops  elsewhere  on  the  west  side  of  the  island. 


Fig.  7.  Illustration  of  section  on  Big  Charity  Island,  after  Rominger,  Vol.  Ill,  p.  119.  show- 
ing discordance  in  the  Bayport  limestone.  Completed  so  as  to  show  the  lower  bands  as 
we  observed  them,  in  dots. 

Prof.  Davis  and  I  visited  the  island,  making  farther  col- 
lections. We  added  to  the  above  lists  a  form  much  like  Athi/ris 
trinucleus.  The  fauna  is  in  general  identical  with  that  of  Wild 
Fowl  Bay.  The  islands  had  changed  considerably  from  the  form 
given  on  the  Lake  Survey  chart  and  there  was  a  long  spit  northwest 
from  the  lighthouse,  more  as  in  the  outline  on  the  old  Walling  atlas 
after  the  Land  Otiice  i^ui  vey.  There  has  been  considerable  growth 
also  toward  Little  Tharity.  a  broad  stretch  being  left  bare,  and  be 
tween  the  two  a  small  island  known  as  Gull  Island  was  just  laid 
bare. 

The  point  to  the  north  is  made  up  of  gravel  and  boulders,  but 
a  short  distance  southeast  of  the  lighthouse,  the  outcrops  of  char- 
acteristic layers  of  limestone  with  abundant  Lithostrotion,  chert 
nodules,  and  Phillipsia  pygidia,  begin.  On  the  first  little  point  from 
the  lighthouse  in  this  direction  there  are  6  feet  of  bluish  shaly  lime- 
stone with  abundant  Allorisma,  in  nodules  and  geodes,  Lithostro- 
tion, etc.  (Sp.  19178-1918G).  About  50  steps  farther  southeast  we 
find  close  to  the  water's  edge  a  three  inch  bed  of  hard  ringing  flaggy 
gray  limestone  (Sp.  191S7)  undulating  somewhat,  but  apparently 
under  the  Lithostrotion  beds  and  dipping  gently  southwest.  On  top 
14-Pt.  11. 
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of  this  bed.  and  thus  replacing  the  limestone,  we  find  an  almost  pure 
white  sandstone,  cross-bedded  strongly  with  a  dip  to  north  of  west 
in  the  cross-bedding  (Sp.  19188).  About  ten  steps  on  in  the  lower 
part  of  the  sandstone  are  large  Allorismas  (Sp.  19139).  Flinty  and 
cherty  limestone  layers,  over-and  underlain  by  sandy  ones,  continue 
near  the  coast  to  the  east  point.  The  bay  opening  southeast  is 
sandy,  but  on  the  long  point  to  the  south  we  find  flat  outcrops  in  the 
broad  zone  left  by  the  recent  water  retreat.  They  frequently  con- 
tain calcite  geodes  and  weather  yellowish  browm  (19192-19202). 
They  are  sparsely  fossiliferous,  the  most  interesting  form  being  one 
that  resembles  Athyris  suhquadrata,  but  there  are  also  fragments  of 
Productus,  Lithostrotion.  Bellerophon?,  etc.  On  the  coast  facing 
Little  Charity  Island  there  are  low  paving-slab  outcrops  of  brown 
brittle  dolomite  with  cavities,  and  the  surface  is  strewn  with  chal- 
cedony and  other  geodes,  which  have  evidently  been  left  by  solution 
of  the  limestone  that  enclosed  them,  as  the  irregular  surface  has  not 
been  rounded  by  erosion  (19190-19191). 

Though,  as  I  have  said,  the  dip  appears  to  be  to  the  southwest, 
these  beds  on  the  southwest  side  of  the  island  appear  more  like  some 
of  those  low  down  in  the  section  around  Bayport.  But  on  the  other 
hand  the  sandstone  there  comes  under  the  "•flrestoue"  dolomite 
which  most  resembles  the  brown  brittle  dolomite  aforesaid.  But  as 
there  are  undoubtedly  alternations  and  rapid  variations  in  the  sec- 
tion, the  dip  of  the  strata  here  can  not  be  regarded  as  free  from 
doubt.  The  probability  of  a  southwest  dip  is  strengthened  by  what 
Winchell  described  on  Little  Charity  Island,  which  he  says  has 
similar  outcrops,  with  Syringopora,  chert  concretions,  Bryozoa,  and 
Cyathophyllidje  (i.  e.  Lithostrotion).  He  also  remarks  that  the  rock 
may  be  seen  under  water  for  a  long  distance  southwest.  The  charts 
indicate  rocky  bottom  and  shoal  water  for  some  two  miles  and  a 
half  in  that  direction,  while  to  the  northeast  of  Charity  Island  the 
descent  to  deep  water  is  sharper.  Taking  the  above  facts  into 
consideration  with  the  rock  exposures  along  the  shore  of  Arenac 
county  we  cannot  but  think  that  a  rock  ridge  extends  across  the 
mouth  of  Saginaw  Bay,  following  the  beds  of  this  formation,  which 
are  relatively  resistant  to  erosion. 

According  to  the  contours  of  Fig.  6,  the  limestone  should  ap- 
pear under  Sand  Point  and  it  may  do  so.  but  I  know  of  no  wells  nor 
outcrops  that  settle  the  question.    We  find  it  next  on  Xorth  Island 
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off  Wild  Fowl  Bay,  but  there  the  dip  appears  to  be  northeasterly, 
while  at  the  Bayport  quarries  and  around  Bayport  it  is  similar  to 
that  on  Charity  Islands,  so  that  it  seems  as  if  North  Island  might 
be  on  the  west  side  of  a  long,  narrow  much  eroded  synclinal  running 
north,  and  if  so  it  would  be  the  more  likely  that,  if  not  eroded  away 
(i.  e.,  if  the  rock  is  not  far  below  the  present  surface),  we  should  find 
the  other  side  of  the  synclinal  under  Sand  Point.  This  would  be  of 
interest  because  this  formation  yields  excellent  water,  and  often 
flowing  wells.  A  well  on  the  end  of  Sand  Point  a  hundred  feet  deep 
would  amply  test  the  question  for  this  formation.  If  this  limestone 
was  not  found  the  next  thing  would  be  to  go  down  about  300  feet, 
case  off  the  overlying  flows  and  take  water  from  the  Marshall. 

On  North  Island  a  quarry  has  been  opened  and  deserted.  In  it 
the  Lithostrotion,  and  chert  nodules,  and  carbonates  are  abundant, 
and  a  large  Bellerophon  occurs  like  that  found  by  Whitfield  in  the 
Maxville  limestone*  (Sps.  19208-19211).  This  quarry  is  on  the 
north  side  of  the  island.  As  we  go  northeast  we  find  similar 
strata  continued  out  under  the  water,  with  trilobite  pygidia,  etc., 
and  Allorisma  (Sps.  19212-19216).  As  we  go  southeast  along  the 
shore  100  steps  to  the  cove  on  the  north  side  of  the  island,  we  come 
to  a  layer  rich  in  Lithostrotion,  which  seems  to  overlie  the  beds  just 
mentioned,  as  in  the  Bayport  quarries,  and  dip  gently  to  the  north- 
east. 

Going  toward  the  north  end  of  the  island  we  find  that  the  retreat 
of  the  waters  had  connected  it  by  a  goose  neck  ridge  with  the  small 
outlying  rock  of  earlier  maps,  and  we  come  to  a  dark  brown  dolo- 
mite, ferruginous  and  not  fossiliferous  (at  least  abundantly).  The 
south  shore  of  the  island  shows  a  somewhat  fossiliferous  limestone 
with  Bryozoa,  limestone  and  corals. 

Between  this  island  and  Heistermann's  (Ching-qau-ka,  or  Stony) 
next  south,  the  water  is  very  shoal,  and  according  to  the  Coast  Sur- 
vey charts  there  is  rock  almost  all  the  way,  and  the  north  end  of 
Heistermann's  Island  shows  thin  bedded  limestone  alternating  with 
sand  layers,  ^Nhich  would  seem  to  represent  lower  layers  of  the 
Bayport  quarry.  Some  of  the  layers  become  on  weathering  at  least, 
a  well  marked  sandstone.  The  outcrops  are  not  more  than  five  feet 
above  water,  and  Winchell  speaks  of  them  as  much  brecciated,  a 
character  which  I  failed  to  note. 


*Ohlo  Geol.  Sur.,  Vol.  VII,  p.  479. 
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On  the  north  side  of  Xorth  Island  the  limestone  drops  off  in  quite 
a  steep  bluff  but  to  the  southeast  between  the  islands  and  the 
shore,  it  is  probably  not  far  from  the  surface,  judging  from  the 
shingle,  and  we  find  it  reappearing  again  in  a  low  outcrop  with 
characteristic  Lithostrotion  and  Allorisma  and  other  fossils  on.  the 
main  land  along  the  west  line  of  Sec.  36,  T.  17  N.,  R.  9  E.  (Sps. 
19170-19173).  Similar  beds  with  similar  fossils  we  find  again  at 
the  top  of  the  quarry  on  Sec.  5.  Winsor.  Returning  to  the  main 
land  we  strike  under  Barport  village,  however,  sandstones  such  are 
more  common  in  the  lower  part  of  the  formation,  and  the  beds  out- 
cropping, for  example,  just  to  the  west  of  the  railroad  pier,  are  of 
a  dark  flinty  dolomite  character,  and  seem  also  to  be  lower  down. 

As  we  go  along  shore  to  the  east,  the  bluffs,  now  mainly  grassed 
over,  seem  to  be  rising,  but  the  dip  of  the  strata  to  be  gently  to  the 
west.  In  other  words  we  have  crossed  the  axis  of  the  synclinal  or 
basin,  the  uppermost  layers  exposed  being  the  limestones  rich  in 
Lithostrotion.  Winchell  says,  however,  that  the  dip  is  very  slight 
to  the  southeast.   He  makes  the  following  section : 

F.  Limestone  argillaceous,  cherty,  perforated  extensively  by  a 
Syringopora.  10  inches. 

E.    Limestone,  compact,  bluish,  weathering  white,  1  foot. 

D.  Limestone  arenaceous,  with  nodules  of  chert.  Seen  dipping 
into  the  water  10  rods  west.  (True,  but  how  does  he  reconcile  this 
with  a  southeast  dip?) 

C.  Limestone,  dark  calcareous,  with  bituminous  (flinty?)  streaks 
and  laminae,  intersected  by  broad  cracks  which  have  been  subse 
quently  filled  with  material  like  D,  10  inches. 

B.  Limestone,  yellowish,  highly  arenaceous,  thin-bedded,  rather 
incoherent,  the  lower  one-fourth  curiously  banded  with  lighter  and 
darker  streaks,  1^  feet. 

A.  Limestone,  arenaceous,  highly  shattered  and  recemented. 
"The  flint  nodules  in  the  layer  D,  are  bluish,  of  a  fine  homogeneous 
structure  and  strike  fire  with  steel,  with  great  readiness.  They  ex- 
ist in  large  quantity."  The  layer  E.  he  recommends  for  building, 
and  D,  E,  and  F.  for  making  lime.  This  whole  section  with  the 
exception  perhaps  of  part  of  A.,  for  the  difference  between  calcar- 
eous sandstone  and  arenaceous  limestone  is  neither  great  nor  per- 
sistent, is  in  the  "firestone"'  belt  of  the  exploratory  borings  given 
among  the  well  records  of  Sees.  35  and  36,  and  must  cover  some- 
where from  10  to  16  feet  of  the  quarry  section. 
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Rominger  gives  a  more  complete  section,  as  follows:  (Geol.  Sur. 
Mich.  Ill,  p.  120.) 

1.  Light  colored  arenaceous  limestones  with  an  alternation  of 
purer  calcareous  and  prevalently  sandy  seams  with  many  fossils — 
Zaphrentis  spiniilosa,,  Lithostrotion  proliferum,  Syringopora  ramu- 
losa,  various  forms  of  Fenestella,  Polypora,  etc.,  Productus,  Allor- 
isma  clavata,  and  fish  teeth  (Cladodus.  Helodus),  10  feet. 

2.  Dark  gray  limestone  of  smooth  conchoidal  fracture,  pervaded 
by  syringopora-like  flexuose,  anastomosing  channels,  1  foot. 

3.  tSimilar  dark  gray  limestone  of  smooth  conchoidal  fracture^  1 
foot. 

4.  Another  similar  bed,  1  foot. 

5.  Blackish  thinly  laminated  calcareous  shale,  full  of  scales, 
teeth,  and  bones  of  small  fishes,  beside  a  species  of  Cypris  or 
Cythere,  2  feet. 

6.  Dark  gray  bituminous  limestone  with  smooth  fracture,  8  in. 

7.  Arenaceous  limestone  laminated.  2  feet. 

8.  Sand  rock,  few  in. 

9.  Delicately  laminated  limestone,  6  in. 

10.  Shale,  seam. 

11.  Gray  limestone  with  cherty  nodules,  1  foot. 

12.  Greenish  white  calcareous  sandrock,  5+ft. 
Total,  about  25  feet. 

Comparing  this  with  exploratory  section  Iso.  3,  on  Sec.  36,  T.  17 
N.,  E.  9  E.,  we  can  identify  the  bottom  bed  12,  with  the  sandstone 
of  the  same  and  beds  7  to  11  probably  with  the  3  2-3  feet  of  lime- 
stone; beds  2-G  may  be  the  4  1-4  feet  "firestone,"  No.  2  being  the  bed 
from  which  our  Sp.  18207  is  taken — from  outcrops  near  the  picnic 
grounds  w^est  of  the  railroad.  The  upper  ten  feet  correspond  to  the 
outcrops  on  the  west  line  of  Sec.  36,  and  the  first  three  feet  of  the 
quarry,  bed  No.  1,  Fig.  8.  The  next  beds  are  the  building  stone 
beds  of  the  quarry  (No.  2  Eominger=F.  of  Winchell?)  and  the  black 
shale  seems  to  be  represented  in  the  quarry  at  8  feet,  6  inches.  (Com- 
pare Winchell's  C.)  Rominger's  sandstone  bed  No.  8  may  be  par- 
allel with  the  sandstone  from  9  feet,  8  inches  in  Fig.  8.  Rom- 
inger's beds  9  and  10 — the  "delicately  laminated  limerock  and  shale" 
— may  represent  the  cement  rock  of  the  quarry  section,  cement  rock 
being  generally  an  argillaceous  limestone,  and  we  have  as  satis- 
factory a  correlation,  as  can  often  be  got.    The  dip  of  the  limestone 
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from  hole  No.  1  in  the  quarry  to  hole  No.  4 
on  Sec.  35  is  *  about  12  feet  to  the  mile, 
which  is  not  far  from  that  indicated  by  the 
contours  in  the  underlying  Xapoleon  sand- 
stone in  Fig.  6,  for  the  same  direction.  The 
dip  between  holes  Xo.  3  and  Xo.  4  would  bef 
2G  feet  a  mile,  which  would  yield  for  the 
three  points  a  dip  to  W.  39°  S.,  of  27  feet  per 
mile,  but  the  position  of  the  limestones  on 
Xortli  Island  and  their  dip  forbid  us  from 
regarding  this  as  a  dip  at  all  widespread  and 
indeed  it  is  not  justifiable  to  join  three 
points  on  a  pitching  synclinal  to  obtain  a 
dip  which  can  be  expected  to  hold  generally 
true.  However,  it  shows  plainly  enough 
that  the  dip  is  really  west  and  not  east.  The 
corresponding  strike  seems  moreover  to  be 
almost  exactly  that  of  the  limestone  ridge 
from  Sec.  5.  Winsor,  to  Sees.  9  and  15,  where 
the  Lithostrotion  beds  lie  at  nearly  the  same 
altitude  as  on  Sec.  5,  and  are  very  close  to 
the  surface.  The  limestone  is  exposed  in  a 
slabby  pavement  profusely  strewn  with 
weathered  out  Lithostrotion  in  the  ditch  on 
the  north  side  of  Sec.  5  and  we  find  Lithostro- 
tion prolifenim,  and  also  mammiUare  (=ca)ia- 
(Icnsc)  profusely  strewn  upon  the  fields  in 
Sec.  9.  The  last  place  in  this  direction 
where  the  limestone  lies  near  the  surface  is 
Sec.  22.  All  the  way  along  it  forms  a  pro- 
nounced ridge  in  the  rock  surface  with  bluffs 
facing  an  old  river  valley  to  the  northeast. 
The  sides  of  this  river  valley  may  be  even 
more  precipitous  than  our  contour  map  in- 
dicates them,  for  such  a  massive  cherty  limestone  overlying -a  for- 
mation of  soft  shales  and  gypsum,  would  be  practically  sure  to  out- 
crop along  a  river  valley  in  an  escarpment  of  vertical  bluffs  in 
which  caves  would  be  likely  to  form.  And  in  fact  we  find  in  develop- 


Fig.  8.   Beds  as  given  at 
Bayport  quarries. 


♦Either  (4S.2  —  3)— 11.16,  1.  e.,  34.  or  (4S.2 
(11.2  — 34)  i  e.  35  feet  in  2.7S  miles. 
+  (20.43  —  8)— (11.16  —  10.5)  i.  e.  12  feet  in  0.- 


32,  or  (4S.2- 
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iug  the  quarries,  and  running  the  adjacent  railroad  spurs  that  the 
northeast  wall  of  the  limestone  is  nearly  vertical  so  that  the  drop 
of  the  limestone  is  reported  to  be  from  12  to  18  feet.  Keports  of 
cavities  struck  in  this  formation  in  sinking  wells  are  also  frequent. 
I  happened  to  be  standing  by  when  one  was  struck  in  Bauer's  well 
at  ^^ebewaing. 

Turning  from  the  Bayport  quarries  to  the  southwest  on  the 
other  hand,  we  find  the  limestone  falling  gently  in  this  direction, 
according  to  the  quarry  authorities  about  3  feet  per  hundred  to  the 
west,  more  than  the  dip  above  given,  but  that  was  an  average 
taken  very  nearly  to  the  center  of  the  synclinal.  In  the  quarry 
the  bottom  is  now  in  the  thinner  bedded,  bluer  limestones  and  the 
bituminous  shale  parting  shown  in  Fig.  8,  at  8  feet  5  inches.  The 
Lithostrotion  occurs  most  abundantly  above  bed  No.  1,  and  the 
-quarry  has  developed  about  3  feet  of  limestone  above  layer  Xo.  1 
of  Fig.  8,  which  has  been  analyzed.  (Chapter  VII,  §  ".)*  The 
chert  concretions  which  contain  some  clay  are  very  often  pear 
shaped,  witli  a  pit  at  one  end,  not  infrequently  enclose  some  shell, 
and  are  most  abundant  immediately  below  in  layer  No.  2.  Fig.  8. 
In  the  lowest  bituminous  layers  I  observed  a  large  ammonoid  that  1 
was  not  able  to  extract.  The  Product!  are  not  altogether  abundant, 
and  are  more  often  perhaps  in  the  lower  layers.  The  Allorismas 
sometimes  occur  in  the  chert  concretions.  The  two  valves  are 
commonly  together,  but  frequently  flaring,  showing  the  original 
presence  of  the  ligament,  and  often  not  at  all  parallel  to  the  bed- 
ding, in  noteworthy  contrast  with  the  way  the  shells  occur  in  the 
beach  deposits  of  the  Marshall. 

As  we  have  said,  to  the  southwest  the  limestone  slopes  off  gradu- 
ally in  sharp  characteristic  contrast  to  its  behavior  to  the  north 
and  east,  and  the  same  contrast  is  noted  on  Sec.  9.  Wells  down 
to  it.  give  an  abundant  supply  of  water,  and  as  soon  as  the  sur- 
face of  the  ground  is  below  the  level  of  the  quarry  we  begin  to  get 
flowing  wells  (Fig.  9).  The  deepest  part  of  the  synclinal  seems 
to  be  on  Sec.  12,  Fairhaven,  and  then  the  limestone  rises  to  appear 
again  at  the  surface  on  Sec.  14,  where  it  is  exposed  in  a  slabby  pave- 
ment in  the  valley  of  the  Shebeon,  and  the  ditch  on  the  north  line  of 
the  section.  Mr.  W.  H.  Wallace,  formerly  Superintendent  of  the 
quarries,  thinks  that  through  Sec.  14  goes  a  fault,  as  he  finds  lime- 
stone to  the  west  of  the  line  of  the  supposed  fault,  and  sandstone  to 


♦Accordingly  Benedict  in  '-Stone  '  Aug.  1898,  p.  154,  calls  Xo.  1,  of  Fig.  8,  ledge  2. 
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the  east.  Such  a  fault  is  not  in  itself  unlikely  as  we  have  one  of  the 
same  character  in  the  Sebewaing  coal  mines,  in  similar  relation  to 
a  synclinal,  but  in  view  of  the  way  that  sandstone  replaces  lime- 
stone in  this  formation  I  cannot  consider  "the  evidence  conclusive, 
and  at  any  rate  such  a  fault  has  no  great  throw.  Were  there  such 
a  fault,  however,  it  might  be  of  importance  in  concentrating  lead 
ore,  but  as  yet  the  explorations  have  shown  no  concentration. 

The  calcareous  sandstone  here  exposed  is  very  fossiliferous,  and 
has  been  noted  by  previous  writers.  It  should  be  studied  by  an  able 
palaeontologist  on  the  spot,  as  it  is  often  very  friable,  even  when 
charged  with  fossils.  Beside  previous  forms  is  one  described  as 
Spirifera  Keokuk,  which  appears  to  me  to  be  more  likely  a  Spirif- 
erina.    For  a  fuller  list  see  Chapter  X.  §  4.    These  beds  must  be  in 


Fig.  9.  Cross-section  from  Bayport  quarries,  southwest  showing  the  relations  of  present 
surface,  rock  surface,  flowing  wells,  and  varying  water  level  at  point  of  intake. 

the  lower  part  of  the  formation,  for  the  wells  after  passing  from 
the  calcareous  sandstone,  which  is  the  surface  rock,  into  a  more 
massive  limestone,  which  has  been  developed  by  some  test  pits  be- 
low, in  about  12  feet  pass  into  a  "blue  rock,"  which  appears  to 
belong  to  the  Michigan  series,  and  to  be  a  pyritiferous  shale.  South 
of  this  exposure  the  limestone  is  absent  for  some  distance,  being 
lifted  up  by  the  anticlinal  indicated  in  Fig.  G.  and  the  depth  to 
rock  is  greater,  but  if  we  may  trust  the  Lake  Survey  charts,  there 
is  a  rock  bottom  almost  all  along  the  coast,  and  in  that  case  the 
limestone  ridge  or  bluff  probably  turns  to  the  south  almost  at  the 
coast  line  and  following  it  along  returns  again,  as  indicated  on  the 
map,  somewhere  north  of  Sebewaing,  to  the  land.*    In  its  return, 

♦Between  Haffner's  in  Fairhaven  and  Sebewaing,  is  2=3  miles.  Difference  of 
elevation  of  Napoleon  sandstone  is  (61O  -  132)  =  478  —  (.=i9i;  252i  =  344,  1.  e.  134  feet; 
accordingly  the  dip  is  50  feet  per  mile.  Hence  the  limestone  bottom  12"  feet  dow-n 
at  Sebewainff  (.596  —  127).  469  feet  above  tide,  will  strike  the  rock  surface  540  feet 
above  tide  about  1.42  miles  north-northeast  of  Sebewaing. 
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however^  it  is  much  thinner,  as  shown  by  the  record  in  Bauer's  well 
in  Sebewaing,  and  in  some  of  the  well  records  in  this  corner  of  the 
county  cannot  be  recognized  at  all. 
§  5.    Coal  measures. 

The  Coal  measures  occur  only  in  a  little  basin  near  Sebewaing. 
This  formation  does  not  anywhere  outcrop,  and  we  are  therefore  de- 
pendent entirely  on  the  well  records  and  the  shafts  for  our  informa- 
tion, I  am  obliged  to  the  courtesy  of  Mr.  Chappell  for  an  oppor- 
tunity to  visit  the  mine  of  the  Sebewaing  Coal  company.  As  litiga- 
tion was  in  prospect,  our  notes  are  in  some  ways  deficient  and  want- 
ing in  numerical  accuracy.  The  following  sketch-map  (Fig.  10)  and 
section  Fig.  11,  show  the  general  relations.  The  two  companies 
to  first  mine  the  coal  both  began  in  troughs.  The  main  shaft  of 
the  Sebewaing  Coal  company  has  about  4i  feet  of  coal  at  a  depth  of 
125  feet.  At  the  air  shaft,  200  feet  west,  the  coal  is  but  109  feet 
deep,  and  at  the  first  shaft  which  was  opened  (still  farther  east), 
by  John  T.  Kussell.  it  was  but  86  feet  down  through  the  coal.  In 
this  first  mine  there  was  much  water.  One  miner*  reports  having 
encountered  a  water  channel  into  which  he  could  stick  his  whole 
head,  and  I  myself  saw  such  a  channel  in  the  present  mine  which 
would  easily  admit  an  arm.  Turning  from  the  125  foot  shaft  to 
the  west  we  find  the  coal  rising,  for  the  last  fifty  feet  quite  sharply, 
as  much  as  one  foot  in  six,  until  we  come  to  a  fault,  which  may  be 
from  350  feet  to  650  feet  west  of  the  shaft.  On  the  line  of  the  fault 
was  this  cavity  which  had  a  corroded  surface,  somewhat  as  if  the 
water  had  made  it  by  dissolving  pyrite  from  the  rock.  This  cavity 
is  8  inches  by  5  inches  and  many  feet  in  depth.  Slickensides  on 
the  coal  are  well  marked  and  also  in  the  slate.  Though  the  fault 
was  always  reported  to  me  as  having  an  upthrow  west,  it  appeared 
at  this  point  as  having  a  downthrow  of  about  2  feet,  the  overlying 
slate  coming  in  at  the  roof.  The  dip  of  the  fault,  judging  both  by 
the  cavity  and  slickensides  aforesaid,  was  steeply  to  the  wesr.v 
The  general  relations  along  an  east  and  west  line  are  illustrated 
by  Fig.  11. 

I  noticed  little  crystals  of  gypsum  on  the  surfaces  of  the  coal 
at  this  point  and  as  we  approach  the  fault  the  mine  is  very  wet,  and 
the  mine  water  is  somewhat  salty,  and  very  strong  of  sulphates.' 

*Geo.  N.  Fleming. 

^From  the  open  cavity  I  should  judge  the  dip  to  be  about  SO"  or  bv  slickensides 
G0°  to  70°. 

1o-Pt.  II. 
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Fig.  10.  Sketch  map  of  Saginaw  coal  region,  showing  location  of  some  of  the  exploratory 
borings.  The  mines  have  not  been  mapped,  but  the  dotted  line  indicates  the  danger  hne 
or  area  within  which  the  workings  are  probably  conflned. 
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depositing  in  the  galleries  a  heavy  flocculent  precipitate  of  iron. 
The  water  is  said  and  seems  to  come  in  from  the  bottom.  It  is  true, 
however^  in  a  general  way,  that  the  fault  throws  the  formation  up, 
i.  e.,  that  the  coal  to  the  west  and  southwest  is  higher  than  at 
the  shaft,  and  as  we  often  find  in  going  toward  the  center  of  a  coal 
basin  another  seam  makes  its  appearance  above  the  first.  The  sec- 
tion on  Pec.  7  is  about  as  follows: 

Surface  clay,  with  at  times  a  few  feet  of  bottom  hardpan,  40-50 
feet. 

Sandstone,  15  feet  or  less. 

Bluish  shales  passing  at  bottom  into  black  shales  and  at  bottom 
sometimes  a  1-foot  bed  of  coal,  6-13  feet. 
Fireclay  and  lighter  shales,  19-6  feet. 
Lower  coal,  sometimes  wanting^  but  often  up  to  4  feet. 
"Fireclay,"  0-5  feet. 
Sandstone,  12  feet  and  more. 

SEBEWAlniO       COAL  CO. 


SHAFT  JHAFT  iHAFT 
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Fig.  11.  Illustrating  the  relations  of  the  coal  and  the  fault  at  Sebewaing.  This  is  a 
cross-section  in  a  generally  westerly  direction,  but  the  shafts  and  borings  shown  are  not 
in  line. 

At  the  time  the  coal  was  formed  the  land  was  just  about  the  level 
of  the  water,  and  in  the  marshes  and  flats  thus  formed  the  coal 
was  deposited.  It  has  been  estimated  that  in  the  shrinkage  from 
vegetable  matter  to  coal,  a  loss  of  volume  to  about  one-fifteenth 
takes  place,  so  that  a  four  foot  bed  of  coal  would  mean  an  original 
swamp  deposit  some  60  feet  thick.  Thicker  deposits  would  gen- 
erally be  formed  in  the  hollows  of  the  surface,  and  as  they  subse- 
quently shrank  and  settled,  there  would  be  a  tendency  for  faults 
to  be  formed  toward  the  center  of  the  basin  and  so  in  settling  there 
might  be  a  basin  formed  on  top  where  in  a  subsequent  overlying 
swamp  another  coal  deposit  might  be  formed.  We  find  accordingly 
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as  we  go  from  the  fault  to  the  south,  that  the  little  upper  coal 
seam  already  mentioned  appears.  So  in  See.  18,  while  the  section 
on  the  north  part  of  Sec.  18,  say  in  Liken's  new  deep  well,  is  much 
like  that  already  described^  the  beds  become  deeper  in  the  south 
part  of  the  section  so  that  the  lower  coal  is  generally  over  90  feet 
deep.  The  shaft  of  the  Saginaw  Bay  Coal  Company  is  said  to  have 
struck  coal  4  feet  thick  at  110  feet  below  surface,  and  on  the  south 
line  of  the  section  it  is  also  deep.  There  are  some  sudden  variations 
in  the  recorded  strata,  however,  due  to  the  following  cause.  These 
old  swamps,  lying  at  or  a  little  above  the  water  level,  were  ex- 
tremely likely  to  be  cut  through  by  old  river  channels,  which  would 
form  sandstone  beds,  or  they  might  also  abut  against  old  ridges 
of  beach  sand  skirting  the  coast.  Suppose  for  example  that  the 
present  lake  should  now  rise  twenty  feet.  There  is  a  strip  of  some- 
what swampy  country  from  Bayport  southward  which  would  again 
become  a  swamp.  If  the  rise  of  water  or  lowering  of  the  laud  was 
slow  enough,  the  surface  of  the  swamp  might  build  up  with  vege- 
table matter  fast  enough  to  keep  pace  with  it.  making  a  thick  bed 
of  muck  or  peat.  Now  if  the  lake  rose  still  farther  the  dune  ridges 
and  the  whole  country  would  be  burled,  and  this  bed  of  muck  might 
become  coal  and  might  then  api^ear  as  a  bed  of  coal  abutting 
against,  or  cut  out  by  the  bed  of  sandstone  which  would  be  formed 
by  the  ridges  of  sand  upon  which  the  "ridge  roads"  now  run.  The 
change  from  coal  to  sandstone  would  be  quite  sudden.  And  so  for 
example  we  find  that  Mr.  Liken's  new  well  near  the  northeast  corner 
of  Sec.  18,  T.  15  N.,  E.  9  E.,  only  sixteen  to  thirty  feet  away  from  a 
previous  exploration  for  coal,  found  a  considerable  bed  of  coal 
which  was  almost  replaced  in  the  older  exploration  by  a  thirty 
foot  bed  of  sandstone.  In  Sec.  18  these  sandstone  channels  or 
ridges  seem  to  be  prominent,  as  we  find  another  encountered  by 
the  deep  well  put  down  by  Kussell,  close  to  the  Saginaw  Bay 
Mine. 

On  Sec.  17  we  find  the  coal  also  ranging  from  106  to  80  feet  in 
depth.  The  last  doubtful  report  of  coal  comes  from  Sec.  21.  Any 
farther  extension  in  that  direction  would  be  cut  off  by  the  buried 
river  valley,  indicated  in  Plate  VII,  but  as  is  indicated  in  Fig. 
6  by  the  contours  of  the  Napoleon  sandstone,  the  basin  probably 
is  opening  out  and  deepening  to  the  west  and  in  fact  coal  is  re- 
ported from  Fish  Point  and  from  Sec.  12  and  Sec.  13,  T.  16  N.,  R.  8 
E.,  in  considerable  quantity  and  sometimes  at  greater  depths  than 
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in  Huron  county.  A  tendency  is  noted,  without  exceptions,  for 
the  coal  to  be  thicker  where  it  is  struck  at  greater  depths,  which 
may  be  explained  by  the  thicker  formation  of  the  original  muck  in 
the  hollows  of  the  surface. 

At  the  mine  of  the  Sebewaing  Coal  Company  the  coal  is  from  4^ 
to  5  feet  thick,  about  as  follows: 

4  inches  "bone  coal,"  i.  e.,  lean  coal  that  will  burn,  but  without 
reducing  in  size,  then 

1  inch  to  1|  inches  of  pyrite  then 

4  feet  of  fair  coal  somewhat  pyritiferous. 

There  is  a  good  slate  roof,  and  fire  clay  underneath  often  in  some 
cases  pretty  sandy.  .The  bluish  gray  slate  roof  shows  no  fern  im- 
pressions so  far  as  seen,  the  only  fossil  noted  being  in  the  coal  seam» 
and  mainly  small  bits  of  rushes  and  vegetable  matter,  Lepidodendou 
and  Calamites.  One  fragment  of  Stigmaria,  changed  largely  to 
pyrite.  was  picked  up  by  C.  G.  Maywood  of  Albion  College,  and 
Mrs.  W.  L.  Webber  has  a  similar  specimen. 

The  coal  contains  at  least  3;^  of  pyrite,  and  the  refuse  piles  ef- 
floresce with  sulphate  of  iron,  and  take  fire  spontaneously. 
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WELLS  AND  BORINGS. 

§  1.    Introduction,  utility  of  the  collection  of  records. 

The  main  part  of  this  chapter  is  composed  of  the  descriptions  as 
we  have  gathered  them  from  well-drillers  and  owners,  of  the  wells 
of  the  county,  arranged  systematically  by  township,  range  and  sec- 
tion. It  is  possible  that  some  one  may  say,  "What  is  the  use  of 
this?"  So  far  as  the  improvement  and  development  of  the  water 
supply  are  concerned  the  use  will  be  the  subject  of  the  next  sec- 
tion. But  it  may  be  well  also  to  call  attention  to  the  fact  that 
without  the  data  furnished  by  systematic  inquiry  concerning  wells, 
such  contour  maps  of  the  rock  surface,  or  of  the  top  of  the  Napo- 
leon sandstone  as  given  in  Plate  VII  and  Fig.  6.  would  be  impos- 
sible. Without  these  maps  we  could  have,  from  the  few  outcrops 
scattered  over  an  almost  plane  surface,  but  very  vague  ideas  as  to 
the  structure  and  distribution  of  the  rocks  below.  And  if  any  one 
should  reply,  why  not  giA'e  these  maps  then  alone,  and  not  the  raw- 
material,  we  make  answer  that  in  the  maps  the  facts  can  not  be 
distinguished  from  the  theoretical  deductions  added,  and  are  to  a 
certain  extent  inaccurate.  As  w^e  have  seen,  even  the  railroad  levels 
do  not  agree  among  themselves,  and  so  even  Plate  VIII  showing  the 
altitudes  of  the  present  surface  of  the  county  is  liable  to  be  in 
error  as  much  as  twenty  feet,  though  we  hope  that  the  relative  ac- 
curacy is  generally  greater  (that  is  to  say,  although  for  example  the 
level  of  Ubly  should  prove  to  be  ten  feet  out,  it  would  not  effect  the 
relative  altitude  of  the  hills  and  valleys  around  the  town).  But 
allowing  that  the  contours  of  Plate  VIII  are  liable  to  be  20  feet  out, 
Plate  VII  and  Fig.  6  which  are  constructed  from  them,  and  from 
the  well  records  which  are  in  parts  of  the  county  yet  but  few,  must 
be  still  less  accurate.  Now,  as  new  wells  are  bored  and  their  records 
collected,  if  a  more  accurate  contour  map  of  the  county  is  to  be 
constructed  with  the  aid  of  railroads  or  levels  yet  to  be  run,  in 
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this  chapter  are  recorded  all  the  data  which  we  hare  toward  better 
maps  on  the  same  lines.  From  our  maps  alone  one  cannot  tell 
what  part  is  more,  what  part  less  sure,  what  part  observation, 
what  part  theory.  To  make  this  chapter  thus  a  summary  of 
recorded  facts  (facts  which  could  not  be  collected  later,  as  we  have 
found  how  rapidly  details  as  to  the  beds  encountered  or  even  the 
depth  and  casing  of  wells  slip  from  the  minds  of  owner  and  driller), 
we  have  added  records  of  borings  not  primarily  for  water,  and  some 
references  to  outcrops  in  each  section. 
§  2.    Practical  lessons. 

The  important  things  in  water  supply  are  quantity,  quality  and 
head.  Head  and  quantity  are  not  equivalent,  though  they  often 
vary  together.  It  sometimes  happens,  that  a  well  will  yield  a 
water  which  will  rise  in  a  tube  quite  a  distance  and  yet  yield  a 
dribbling  supply,  while  another  well  may  not  have  the  water  level 
at  the  surface  of  the  ground  at  all,  and  yet  cannot  be  lowered  by 
pumping.  A  larger  hole  will  generally  give  a  greater  quantity  of 
water,  but  the  diameter  of  the  boring  will  not  affect  the  initial  head. 
Dynamiting  will  often  improve  the  quantity  of  the  yield,  but  will 
not  usually  make  a  permanent  improvement  in  the  head.  In  our 
review  we  will  take  up  the  question  of  quantity  first. 

(a).  Quantity.  An  ideal  well  as  to  quantity  will  water  your  own 
and  your  neighbor's  cattle,  and  run  harvesters  ad  libitum.  Four 
gallons  a  minute  is  generally  ample  for  all  farm  uses.*  The  quan- 
tity of  water  which  a  well  will  furnish  depends,  first,  on  the  beds 
from  which  it  draws  water  never  becoming  dry,  and  second,  upon 
their  being  porous.  The  porosity  depends  upon  the  proportion  of 
voids,  or  the  difference  between  the  weight  of  a  cubic  foot  dry  and  a 
cubic  foot  wet.  Table  II  shows  the  porosity  of  some  rocks  and  we 
see  that  the  Napoleon  sandstone,  2G^  of  its  volume  being  voids,  is 
therefore  an  excellent  water-bearing  bed.  Surface  wells  draw  their 
water  from  sands  and  gravels.  Sand  is  less  porous  than  gravel,  and 
clay  is  least  porous  of  all.  Shale  is  like  clay.  Limestone  and 
gypsum  are  not  in  themselves  porous,  but  being  somewhat  soluble 
are  liable  to  have  water  channels  dissolved  out  in  them. 

Surface  sands  and  gravels  if  not  covered  by  clay  are  apt  to  be 
dried  out  in  a  hot  season,  and  we  notice  that  many  of  the  surface 
wells  ran  short  during  the  hot  weather  of  1895.    Surface  wells 


*  =  1440  gallons  a  day  =  100  gallons  each  for  10  people  and  7y,  gallons  each  for  60  head 
of  stock. 
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striking  sands  or  gravels  under  clay  are  much  more  likely  to  be 
permanent  so  far  as  drying  out  is  concerned  (and  are  probably  of 
better  quality),  and  the  same  thing  is  true  of  sandstone  or  lime- 
stone under  shale  or  clay.  The  boulder  clay  or  till  has  in  this 
county  usually  enough  clay  in  it  to  count  as  a  fairly  impervious,  that 
is,  not  porous  bed,  the  coarser  sand,  gravel  and  boulders  being  em- 
bedded in  a  clayey  cement.  But  the  distribution  of  the  sands  and 
gravels  under  or  in  streaks  within  the  boulder  clays  which  may  be 
struck  by  wells  is  quite  erratic,  and  no  general  statements  can  be 
made  that  will  apply  to  any  large  district.  Belts  near  the  old 
beach  lines  seem  to  be  rather  better  favored  with  alternating  layers 
of  differing  porosities.  Very  generally  there  is  a  porous  bed  im- 
mediately above  the  rock  surface. 

As  far  as  rock  wells  are  concerned,  however,  we  can  make  more 
positive  statements.  In  the  eastern  part  of  the  county,  colored 
Coldwater  shale  on  the  map,  Plate  VII,  wells  into  rock  are  not 
successful  in  striking  abundant  water,  and  what  water  there  is, 
is  likely  to  be  salty,  as  is  shown  in  the  Grindstone  City  and  other 
wells.  In  the  central  part  of  the  county,  colored  Upper  and  Lower 
Marshall,  there  is  no  difficulty  in  striking  a  good  supply  of  water 
within  a  few  feet  after  striking  rock.  The  only  exception  that  I 
know  of  is  Wright's  well  on  Sec.  12,  Hume,  the  record  of  which  is 
very  curious.  It  seems  as  though  water-bearing  beds  must  have 
been  overlooked,  but  there  may  be  peculiar  local  conditions.  The 
more  westerly  part  of  this  area,  that  of  the  Upper  Marshall  or 
Napoleon  sandstone,  is  the  more  freely  supplied  with  water.  Farther 
to  the  west  abundant  water  can  invariably  be  found  by  going  down 
a  few  feet  into  the  Napoleon  sandstone.  How  far  that  will  be  may 
be  found  by  subtracting  the  altitude  of  the  top  of  the  Xapoleon 
sandstone  as  given  on  Fig.  6  from  the  altitudes  of  the  surface  of  the 
point  where  boring  is  proposed,  as  derived  from  Plate  VIII.  For 
example,  a  well  on  Sec.  3,  T.  17  X.,  K.  10  E.,  would  be  expected  to 
have  to  go  (600  —  400)  about  200  feet  to  strike  this  horizon.  To  get  the 
best  results  the  casing  should  be  contimied  from  the  top  of  ^the 
ground  nearly  down  to  the  top  of  the  sandstone  as  thus  indicated, 
and  be  tight.  Of  course  the  well  itself  must  go  a  ways  into  the 
sandstone. 

Over  the  area  colored  as  underlain  by  the  Maxville  limestone, 
however,  it  will  not  be  needful  to  go  down  so  far  (unless  the  lime- 
stone happens  to  be  cut  through  by  the  old  river  valley),  for  al- 
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though  the  limestone  itself  is  not  porous,  it  is  soluble,  and  the  cal- 
careous sandstones,  when  the  cement  is  dissolved  out,  are  very 
porous,  and  cavities  and  water  channels  are  dissolved  along  the 
joints  and  fissures  in  the  purer  limestone.  Throughout  the  north- 
ern patch  of  limestone  around  Bajport  wells  to  rock  or  a  few  feet 
in  it  get  (cf.  Fig.  9.)  an  ample  supply  of  water  often  ilowing  above 
the  surface,  while  in  the  southern  area  it  is  often  necessary  to  go 
a  little  deeper,  yet  not  over  150  feet. 

(b).  Head.  In  beds,  not  freely  porous,  the  question  of  head  is  of 
no  practical  importance,  because  even  if  the  head  were  such  that  the 
water  would  rise  above  ground  in  a  closed  pipe  a  little  pumping 
would  soon  exhaust  it.  A  well  in  shale  or  clay  may  yield  a  little 
water  quite  steadily,  even  in  the  dryest  times,  but  will  yield  but  a 
few  bucketfuls  at  a  time. 

The  general  conditions  of  the  head  of  wells  and  the  circum- 
stances that  will  produce  flowing  wells  have  been  quite  fully  dis- 
cussed in  a  valuable  paper  by  T.  C.  Chamberlin  in  the  Fifth  An- 
nual Report  of  the  Director  of  the  U.  S.  Geological  Purvey.*  so 
that  I  shall  confine  my  treatment  and  practical  illustrations  to  con- 
ditions actually  observed  in  Huron  county,  letting  those  who  wish 
to  study  the  subject  in  a  broader  way  refer  to  the  paper  mentioned. 
The  county  furnishes,  however,  many  suggestive  illustrations  of 
most  of  the  important  points  made  by  Chamberlin. 

By  head  we  mean  the  pressure  under  which  the  water  is  in  any 
bed.  This  determines  of  course  how  high  it  will  rise  and  is  com- 
monly measured  by  the  height  above  sea  level  of  that  water  surface 
up  to  which  it  will  rise.  If  the  height  to"  which  it  will  rise  is  above 
the  surface  it  will  flow.  If  it  is  over  30  feet  below  the  surface,  a 
force  pump  must  be  used.  The  head  is  dependent  upon  the  pres- 
sure of  water  in  the  bed.  In  a  superficial  porous  bed,  we  find  that 
the  water  sinks  down  into  it  and  fills  it  up  to  a  certain  level  which 
varies  with  the  condition  of  the  bed  and  the  season.  With  the 
warm,  dry  months  of  summer  this  water  level  falls  lower  and  lower, 
(Fig.  9)  and  wells  which  once  penetrated  it  do  so  no  more.  When  the 
well  is  dry  to  the  bottom,  the  water  level  has  fallen  below  it  and  there 
is  a  strong  temptation  to  start  boring  from  there  and  follow  down 
after  it,  a  course  which  as  w^e  shall  soon  see  has  objections.  (Cf. 
Fig.  12).    In  a  porous  bed  in  which  there  is  no  outlet,  the  head  is 


♦Pages  137-173,  1SS5. 
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everywiiere  sufficient  to  raise  the  water  level  to  that  which  ex- 
ists where  the  water  is  taken  in.  If  this  porous  bed  extends  off 
under  impervious  clays,  to  a  region  where  the  surface  of  the  ground 
is  lower  than  the  water  level  at  the  point  where  it  takes  in  its 
water,  being  covered  bv  previous  beds  only  or  exposed  to  the  air, 
wells  down  to  it  will  find  the  water  rise  above  the  surface.  But 
as  the  water  level  at  the  intake  fluctuates  the  water  level  in  the 
wells  will  also  tend  to  fluctuate.  An  excellent  example  of  this  is 
seen  (Fig.  9)  in  the  wells  in  the  Bayport  limestone,  to  the  south- 
west of  the  quarry  ridge  along  which  the  limestone  outcrops  or  is 
covered  only  with  gravels.  Here  we  find  wells  going  down 
through  impervious  clays  and  tills  until,  upon  striking  the  lime- 
stone, they  find  that  the  water  rises  higher  than  the  surface  to  a 
water  level  dependent  on  that  in  the  limestone.  ~  We  find,  however, 
than  one  well  that  flows  in  spring  ceases  to  flow  later  in  the  summer, 
that  another  fails  about  the  Fourth  of  July,  and  the  others  in 
still  lower  ground  last  all  the  year  around.  We  are  thus  enabled 
(Fig.  9)  to  follow  the  gradual  fall  in  the  water  level  of  the  lime- 
stone as  the  summer  goes  on. 

Again,  draining  swamps  lowers  the  water  level.  The  water  runs 
off  instead  of  sinking  in  and  remaining  on  the  land.  This  is  the 
general  effect  of  bringing  land  under  cultivation.  Thus  the  drain- 
age of  the  swamps  which  cover  Lincoln.  Colfax,  and  Sheridan,  will 
tend  to  lower  the  water  level,  and  the  head  in  the  underlying  beds 
of  the  Marshall.  The  head  in  these  beds  is  not  solely  dependent 
upon  this  factor,  but  yet  it  is  one  of  the  causes  that  we  have  to 
take  into  account  in  explaining  the  recent  lowering  of  the  head  in 
all  the  wells  of  the  Napoleon  sandstone  to  the  west. 

If  now  the  porous  bed  from  which  the  supply  of  water  is  obtained 
has  outcrops  at  different  levels,  and  especially  if  it  has  points 
of  discharge,  either  natural,  as  by  springs,  or  artificial,  through 
artesian  wells  and  the  like;  the  question  what  the  water  level  will 
be  for  any  new  point  becomes  more  complex.  In  general  the  water 
level  in  superficial  porous  beds  slopes  gradually  toward  the  lakes 
and  streams  and  repeats  the  modelling  of  the  surface,  but  in  less 
relief.  Thus  the  depth  to  water  is  greater  under  hills  than  in  ad- 
jacent valleys,  but  not  quite  as  much  as  the  difference  of  eleva- 
tion would  imply. 

This  remark  applies,  for  example,  to  the  wells  in  the  dune  sand 


WELLS   AND  BOEINGS. 


123 


or  gravelly  regions.  The  Napoleon  sandstones,  and  in  fact  all  the 
porous  beds  of  the  county  so  far  as  we  know  have  outcrops  or  are 
only  covered  by  sand  near  or  under  the  lake.  Near  the  shore  there- 
fore their  water  level  approaches  lake  level  and  then  rises  as  we 
go  into  the  interior  of  the  county.  The  head  under  cover  will  de- 
pend somewhat  upon  the  relative  nearness  to  the  different  parts  of 
the  outcrop,  being  most  nearly  dependent  upon  that  part  of  the  out- 
crop nearest.  For  example,  the  head  of  the  Napoleon  sandstone 
around  Elkton  will  not  be  higher  than  somewhere  between  the 
water  level  on  Sec.  9,  Meade,  where  the  sandstone  is  exposed,  and 
the  water  level  around  Badaxe,  i.  e.,  between  660  and  740  feet  above 
tide.  Since  the  level  of  the  surface  near  Elkton  is  only  650  feet 
or  so  above  tide  the  chance  of  flowing  wells  thus  indicated  is  good. 
But  another  class  of  considerations  must  also  be  taken  into  account, 
viz.,  the  escape  through  wells  or  fissures  at  lower  levels.  This  is  a 
factor  which  we  cannot  neglect  in  the  "case  of  the  Napoleon  sand- 
stone. Practically  all  the  brine  of  the  Saginaw  valley  is  drawn 
from  this  formation,  and  around  Sebewaing,  at  Oak  Grove  and 
numerous  other  places  there  are  strong  flowing  wells.  Now  if 
these  wells  are,  in  the  aggregate,  but  a  drop  in  the  bucket  to  the 
amount  which  may  be  rapidly  taken  in  and  percolated,  then  they 
have  no  appreciable  effect  on  the  head,  but  if  not,  then  for  a  wider 
and  wider  circle  about  the  point  of  outflow  the  head  will  be  lowered 
toward  that  maintained  at  the  point  of  outflow.  For  example,  sup- 
pose two  holes  to  be  put  down  side  by  side  where  the  water  rises, 
at  first  ten  feet  above  the  ground  in  both.  Then  let  the  casing  of 
one  of  them  be  untouched  but  the  casing  of  the  other  of  them  be 
cut  off  level  with  the  ground.  The  water  will  flow  from  the  former 
and  the  level  in  the  latter  will  be  lowered.  As  the  holes  are  farther 
apart  the  effect  in  lowering  the  level  will  be  less  and  less  marked, 
the  greater  the  gap  and  the  less  porous  the  beds  between  the 
two  wells.  We  have  a  number  of  illustrations  of  this  principle 
in  the  county.  Chappell's  deep  well  at  Sebewaing  burst  its 
casing  and  leaked  into  the  coal  mine  and  consequently  all  similar 
wells  drawing  their  sources  from  the  same  stratum,  the  Napoleon 
sandstone  250-300  feet  below  surface,  dropped  two  or  three  feet  in 
their  head  or  ceased  to  flow  entirely.  So  for  example  at  Elkton. 
when  the  casing  of  the  deep  railroad  well  was  cut  off  below  ground, 
so  that  the  water  was  allowed  to  flow  into  a  basin  (whence  it  could 
find  its  way  into  the  surface  beds  the  water  surface  of  which  stood 
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at  a  lower  level)  the  wells  around  immediately  lost  their  head.  Fig. 
12  therefore  shows  a  common  form  of  casing  not  to  be  recommended 
for  this  reason  among  others,  that  if  the  porous  beds  A  have  a  good 
head —more  than  that  of  the  surface  water —the  water  will  flow 
out  from  the  lower  beds  A  up  and  out  into  the  surrounding  sur- 
face materials  C  and  thus  lower  the  head  of  A.  It  is  not  at  all 
necessary  that  such  a  well  should  be  a  possible  flowing  well.  Just 
as  soon  as  we  strike  a  water  stream  so  strong  that  it  will  fill  up 
the  old  basin,  in  the  bottom  of  which  the  new  boring  was  put  down, 
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Fig.  12.  Illustrates  improper  boring-  and  casing,  involving  danger  of  contamination  from 
surface  waters,  or  of  contamination  of  surface  waters  by  a  salty  layer  with  strong  head 
in  A.  There  is  also  probability  of  reducing  the  head  in  the  laver  A.  by  flow  of  water 
into  the  surface  layers.  There  is  also  danger  of  the  bore  hole  "closing,  through  clog^in" 
from  the  basin,  or  caving  in  of  beds  above  A. 

higher  than  the  surface  water  would,  it  will  tend  to  spread  through 
the  stoning  of  such  basins  into  the  surrounding  surface  materials, 
and  tend  to  dissipate  the  head  of  the  lower  beds.  An  interesting 
illustration  of  this  action  is  in  the  case  of  abandoned  salt  wells 
where  the  casing  has  been  pulled.  These  are  frequently  flowing. 
The  old  salt  wells  at  Port  Austin  and  Port  Crescent  flow,  those  at 
Caseville  are  at  least  very  near  the  surface  and  the  Bayport  well 
had  a  head,  as  I  am  informed,  of  10  to  32  feet  above  ground.  Xow 
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■  there  are  a  number  of  the  Port  Austin  wells  which  are  salty,  though 
shallow,  whose  saltness  may  readily  be  accounted  for  by  supposing 
that  the  salty  water  from  the  flowing  wells  has  had  head  enough 
to  push  its  way  out  into  the  higher  strata.*  It  might  be  well  to 
case  these  old  salt  wells  far  enough  down  to  prevent  this  action. 
The  effect  on  quality  of  the  arrangement  illustrated  in  Fig.  12  and 
of  insufficent  casing  we  shall  return  to  later.  It  is  enough  now  to 
notice  that  a  group  of  such  wells  large  enough  to  be  an  appreciable 
factor  in  comparison  with  the  amount  of  water  which  can  freely 
circulate  through  a  bed  may  seriously  lower  its  head,  perhaps 
checking  its  flow  in  some  other  district.  I  dwell  on  this  point  be- 
cause this  form  of  drilling  and  casing  is  extremely  prevalent.  Now 
although  it  is  difficult  to  form  even  an  approximate  estimate  as  to 
how  much  water  can  be  taken  in.  say  by  the  Xapoleon  sandstone, 
it  must  be  remembered  that  wherever  overlaid  by  clay  or  till  the 
flow  of  water  which  can  be  taken  in  to  replace  any  drain  upon  it 
must  be  slow.  Thus  although  the  outcrop  (under  the  surface  mat- 
erials of  the  Pleistocene)  of  the  Napoleon  sandstone  is  over  200 
square  miles,  and  a  precipitation  of  30  inches  eacli  year  over  that 
area  would  give  (200  x  4.S,  560  x  2.5)  .21,780,000  cu.  ft.,  i.  e.  (^  365  x 
24  X  60  =  525.600),  about  40  cu.  ft.  per  minute,  when  we  con- 
sider how  much  runs  off  directly,  is  evaporated,  or  finds  its  way  into 
the  rivers  by  way  of  surface  gravel  beds,  the  outcrops  where  the 
sandstone  is  close  to  the  surface  being  probably  much  less  than  ten 
square  miles,  if  we  estimate  the  amount  subtracted,  by  the  thirty 
or  more  flowing  wells  draining  upon  this  formation  and  the 
much  larger  number  of  wells  that  draw  their  supply  from  it  but 
do  not  flow,  it  becomes  evident  that  the  draft  upon  it  must  be  a 
large  fraction  of  the  supply  and  hence  the  head  will  diminish  almost 
uniformly  from  the  highest  levels  to  the  points  of  escape.  We 
must  consider  also  that  the  Napoleon  sandstone  is  subjected  to 
drain  by  wells  outside  the  county  limits,  and  that  water  may 
escape  up  the  line  of  fissures  like  that  exposed  in  the  Sebewaing 

■  coal  mine.  The  exact  drainage  by  the  flowing  wells  we  do  not 
know,  though  from  some  observations  on  some  of  the  flowing  wells, 
and  the  time  required  to  fill  a  pail  of  about  3  gallons  (0.4  cu.  ft.), 
I  infer  that  many  of  them  will  flow  more  than  a  quarter  of  a  cubic 
foot  per  minute. 


♦It  is  true,  however,  that  the  Lower  Marshall  sandstones  are  sometimes  salty  in  them- 
selves as  we  can  see  by  wells  on  Sec  12,  Dwight,  and  in  Bloomfleld  township. 
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Chambeilin  in  the  paper  mentioned  has  suggested  that  a  fluctua- 
ting head  is  a  sign  that  the  supply  is  being  drawn  on  to  the  point 
of  approaching  the  limit  of  supply  (loc.  cit.  pp.  151-165).  Judg- 
ing by  this  test  the  supply  from  the  Xapoleon  sandstone  is  already 
in  that  condition,  for  almost  all  the  flowing  wells  report 
changes  in  the  head  from  day  to  day  depending  on  the  weather, 
amounting  to  stoppage  at  times.  I  do  not  consider  any  definite 
law  as  proven  as  yet.* 

Xor  do  I  mean  to  say  that  the  water  supply  from  the  Xapoleon 
sandstone  will  fail  entirely.  Xature  has  her  own  methods  of  en- 
forcing economy,  and  will  simply  lower  the  head,  until  the  water 
running  to  waste  by  the  flowing  wells  or  escaping  into  the  upper 
beds,  is  suflflciently  cut  off  to  restore  the  balance  between  demand 
and  supply.  But  I  do  mean  to  say  that  a  higher  head  could  be 
obtained  or  retained  by  more  ample  and  effective  casing  and  greater 
economy  in  use. 

However,  in  the  immediate  future  we  shall  probably  have  an 
ampler  supply,  since  the  series  of  dry  years  culminating  in  1895  will 
probably  be  succeeded  by  wetter  ones. 

The  effect  of  the  opening  of  the  Saginaw  coal  mines  should  not 
be  overlooked  in  this  connection.  As  they  must  be  pumped  out,  the 
water  level  for  the  strata  in  which  they  are  located  must  be  kept 
some  120  feet  below  the  present  surface  or  about  470  feet  above 
tide.  Xow  this  would  have  no  effect  on  the  water  level  of  other 
strata  separated  from  them  by  impervious  layers.  But,  as  we 
noted,  there  were  water  channels  all  along  the  crack  opened  by  the 
fault  encountered  by  the  mine,  and  ample  indications  that  such 
channels  were  used.  Beside  this,  a  deep  well  into  the  Xapoleon 
sandstone  (7  of  Fig.  10)  was  encountered  in  mining  and  the  cas- 
ing burst  and  it  leaked  into  the  mine.  Furthermore  there  may 
have  been  other  borings  and  wells  with  so  little  casing  as  to  have 
served  as  channels  of  communication  between  the  lower  beds  and 
those  in  which  the  mining  and  pumping  were  done.  There  seems 
to  be  a  notion  prevalent,  that  the  abundance  of  water  which  was" 

*Among  the  causes  which  might  affect  the  flow  thus  periodically  are:  (1)  A  de- 
crease in  atmospheric  pressure  would  allow  the  flow  to  be  more  tree.  (2)  If  there 
were  points  of  discharge  of  the  water  under  the  lake,  as  is  likely,  then  a  rise  in  the 
lake  level  would  raise  the  level  in  the  wells,  as  raising  the  height  of  a  dam  backs 
the  water  up  stream.  (3)  Variations  of  wet  and  dry  seasons,  affecting  the  water  level 
at  the  outcrop,  would  slowly  make  themselves  felt.  A  few  of  the  more  important 
observations  on  such  fluctuations  may  be  of  interest,  and  will  be  found  in  con- 
nection with  the  wells  on  Sees.  S,  15,  IS,  and  27,  Sebewaing,  T.  15  N.,  R.  9  E. ;  Sec. 
22,  Fairhaven,  T.  16  N.,  R.  9  E. ;  Sec.  9,  Oliver.  T.  16  N.,  R.  11  E. ;  and  Sec.  13,  Case- 
ville.  T.  IT  X..  R.  10  E.  See  also  Sherzer  s  comments  on  the  same  phenomenon  in 
Monroe  county,  Part  I,  p.  194. 
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so  large  a  source  of  expense  to  the  Saginaw  Bay  Coal  Company 
was  derived  in  some  way  from  Lake  Huron.  It  is  my  impression 
that  the  lake  had  nothing  appreciable  to  do  with  it  and  that  most  of 
it  came  from  below.  In  most  of  the  wells  within  a  radius  of  four 
or  five  miles  the  lowering  of  the  water  at  the  time  of  the  opening  of 
the  coal  mines  was  marked.  It  is  true,  however,  that  this  open- 
ing took  place  during  a  period  of  decreasing  rainfall  and  lowering 
lake  level,  so  that  more  than  one  cause  was  working  in  the  same 
direction  in  the  same  time.  But  I  doubt  not  that  the  draining  of 
those  mines  had  a  marked  effect  in  lowering  the  head  in  all  the 
beds  down  to  and  including  the  Marshall  sandstoue. 

The  flowing  wells  and  fluctuating  head  in  the  wells  that  draw 
their  supplies  from  the  Bayport  limestone  and  sandstones,  and  occur 
in  the  northern  part  of  Fairhaven  township,  have  already  been 
noticed.  On  the  extreme  southern  verge  of  the  county  in  the  south- 
ern part  of  Sebewaing  and  Brookfleld  townships  we  seem  to  be 
entering  a  similar  district,  which  will  be  more  fully  understood 
when  Tuscola  county  has  been  studied.  But  before  we  leave  this 
subject  we  have  still  to  say  a  few  words  upon  the  sandstone  beds  of 
the  Lower  Marshall.  These  as  we  have  said  are  less  persistent,  and 
(with  possibly  one  exception)  fade  out,  not  being  bearers  of  water 
either  in  the  Bayport  or  Caseville  wells.  In  other  words  they  are 
shore  deposits  replaced  by  finer  deposits  to  the  southwest.  This 
is  a  case  mentioned  by  Chamberlin  as  favorable  to  flows*  and  is 
also  illustrated  by  the  cross-section  at  the  foot  of  Plate  VII.  Wells 
in  the  fine  grained  extensions  of  the  Lower  Marshall  sandstone  will 
not  affect  their  head,  but  as  the  outcrops  of  these  strata  lie  on  the 
eastward  slope  from  the  highest  land  of  the  county,  we  can  expect 
flowing  wells  from  them  only  in  case  they  are  struck  on  the  western 
side  of  this  divide  at  an  altitude  lower  than  the  water  level  over  their 
outcrops,  and  yet  not  so  far  to  the  west  as  to  find  them  already  too 
impervious  to  give  a  free  supply  of  water.  In  such  case,  as  the 
water  level  of  the  intermediate  county  stands  high,  we  may  expect 
as  Chamberlin  has  shown,  a  head  almost  equivalent  to  that  at  the 
outcrop.  The  experience  of  Mr.  B.  Kreutziger  in  Sec.  6,  Colfax,  T. 
16  N.,  K.  12  E.,  who  went  through  the  Napoleon  sandstone  into  the 
shales  below  and  got  no  increase  of  head,  is  discouraging  for  such 
a  possibility  in  general.    Three  wells,  however,  seem  to  have  been 


*L,oc.  cit.,  Figs.  11  and  17. 
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fortunate  enough  to  lie  in  this  narrow  belt  and  to  be  at  a  suflQcientlr 
low  altitude,  to  wit:  a  well  at  Port  Crescent,  the  well  on  See.  10 
T.  16  X.,  R.  13  E..  near  Badaxe,  and  Homer  Filion's  on  Sec.  8.  T.  IS 
X..  B.  13  E.  I  should  suppose  that  a  few  more  flowing  wells  of  this 
type  might  be  obtained  along  the  vallev  of  Bird  Creek,  in  the  south- 
east corner  of  Colfax  township,  and  perhaps  in  the  lower  part  of 
Rheridan  and  in  the  Cass  Biver  vallev  and  the  rallev  of  the  upper 
Willow.  At  any  rate  the  water  should  rise  to  near  the  surface  at 
these  places. 

(c).  Qualiti/.  The  quality  of  the  water  is  generally  good,  with  excep- 
tions that  we  take  up  later.  Surface  wells,  especially  those  in  the 
sand  ridges,  are  liable  to  contamination,  but  while  wells  may  be 
noted  in  the  list  whose  percentage  of  chlorine,  unusually  high  for  the 
district,  indicates  that  they  are  affected  by  barnyard  waters  or  by 
sewage,  and  presence  of  chlorine  (a  constituent  of  common  salt,  which 
is  sodic  cliloiidei  is  often  used  by  water  chemists  as  an  indication  of 
the  presence  of  sewage  contamination:  in  this  district  it  would  be 
entirely  wrong  on  that  account  alone  to  condemn  a  water,  for  some 
of  the  yery  best  and  purest  wells  of  the  county  show  quite  a  per- 
ceptible amount  of  salt,  which  is  of  course  not  injurious,  and  up  to 
a  certain  point  only  renders  the  water  more  palatable.  Indeed  it  is 
remarkable  what  an  amount  of  salt  the  palate  can  become  ac- 
customed to,  and  not  notice.  A  water  free  from  salt  will  taste  flat 
and  insipid,  after  using  a  slightly  saline  water  for  awhile.  It  is 
hard  to  say  what  the  limit  of  drinkable  water  is.  We  haye  found 
a  water  with  oyer  4^  of  salt  used^  although  under  protest,  and  one- 
half  of  one  per  cent  of  salt  is  soon  quite  unnoticed.  Cattle  and  to 
a  less  degree  horses  all  enjoy  a  moderately  salty  water.  A  connec- 
tion between  diabetes  and  mineral  water  has  been  suspected,  but 
not  at  all  proyen.  There  is  an  interesting  field  of  research  open 
here  for  the  physician. 

In  the  area  of  the  Marshall  sandstones  the  percentage  of  mineral 
constituents  is  generally  low.  This  is  so  markedly  the  case  for 
the  Upper  Marshall, — the  Xapoleon, — that  we  find  it  comparatiyely 
fresh,  eyen  when  there  is  salt  water  aboye  it.  One  suggested  ex- 
planation of  this  as  follows.* 

The  total  amount  of  salt  which  Michigan  has  produced  to  1896 
is  yery  nearly  75,000,000  barrels.    Almost  all  the  salt  of  Saginaw 


*It  is  also  quite  possible  that  the  water  was  very  early  freshened  as  it  is  an 
emergence  sandstone. 
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Bay,  Midland  and  Gratiot  counties  was  derived  from  this  forma- 
tion, though  not  quite  all.  These  counties  produced  practically 
nine-tenths  of  the  salt  until  1879,  since  when  they  have  had  a  less 
and  less  share.  Though  we  have  not  the  statistics  to  separate 
the  production  accurately,  it  seems  safe  to  say  that  two-thirds  of 
the  whole  production  or  50,000,000  barrels  of  salt  were  derived  from 
the  Napoleon  sandstone.  At  280  pounds  to  the  barrel,  and  allow- 
ing an  86°  brine  which  would  yield  certainly  not  more  than  22.10^ 
solids,  or  allowing  for  the  other  mineral  constituents  and  loss  of 
salt  in  manufacture,  supposing  six  times  as  much  brine  by  weight 
to  be  used  as  salt  was  produced,  and  this,  as  the  analyses  given  in 
Vol.  Ill  of  these  reports  show,  is  too  low  an  estimate  of  the  vol- 
ume of  brine  required,we  would  have  84,000,000,000  pounds  of  con- 
centrated brine  abstracted  from  the  formation.  If  a  cubic  foot 
of  the  sandstone  (See  Table  II,  p.  90)  holds  10^  voids,  it  would  con- 
tain about  100  ounces  of  pure  water  or  about  116  ounces,  or  7.25 
pounds  of  brine.  Thus  nearly  11.600,000,000  cubic  feet  of  sandstone 
would  have  to  be  drained  to  fujnish  this  brine,  or  42  square  miles 
of  a  sandstone  10  feet  thick.  But  in  addition  to  the  brine  made 
into  salt,  there  has  been  a  great  deal  wasted  and  a  great  deal  ab- 
stracted by  the  salty  flowing  wells,  like  the  Oak  Grove  well,  that 
reach  the  formation.  Moreover  all  through  the  geological  ages 
preceding  the  ice  period  while  the  Marshall  existed  as  a  basin  with 
the  water  level  over  its  outcrop  higher  than  that  over  the  center, 
there  must  have  begn  a  tendency  for  the  water  to  work  up  by  every 
crack  and  crevice  (e.  g.  such  a  fault  as  we  find  in  the  Sebewaing 
coal  mine)  toward  the  center  of  the  basin,  to  be  replaced  by  fresh 
water  working  in  at  the  margin.  Thus  the  tendency  will  have 
been  for  the  water  to  become  fresher  in  the  more  porous  layers  near 
the  margin  of  the  basin. 

This  is  an  important  fact,  for  we  have  only  to  compare  Mr. 
Leipprandt's  wells  on  Sec.  13,  Caseville,  or  the  Brewery  well  at 
Sebewaing  with  Mosner's  near  by,  to  see  that  in  case  there  is  too 
much  mineral  matter  in  the  water  it  is  probable  that  casing  down 
to  the  top  of  the  Napoleon  will  help  matters  (casing  off  tightly 
with  rubber  washers  or  a  seed  bag  to  prevent  the  heavy  brine  from 
working  down).  Wells  traversing  the  overlying  Michigan  series 
have  more  mineral  matter  than  is  necessary  or  frequently  than  is 
healthy  or  palatable,  i.  e.,  many  wells  to  the  east  of  the  line  which 
17-Pt.  II. 
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I  have  marked  as  the  outcrop  of  the  gypsum  beds,  or  in  the  lower 
part  of  the  map  the  line  of  the  top  of  the  Napoleon  sandstone. 
Of  course  some  beds  east  of  that  line  are  too  shallow  to  be  affected 
by  the  formation,  drawing  their  supply  from  the  drift,  or  Bayport 
limestone  and  sandstone;  others  have  so  strong  a  current  from  the 
Xapoleon  sandstone  as  to  weaken  the  water  until  it  is  compara- 
tively drinkable,  but  speaking  generally  in  the  district  thus  marked 
off  and  colored  on  the  map.  wells  in  rock  are  likely  to  prove  un- 
satisfactory, being  highly  charged  with  sulphates,  and  very  likely 
salt  also.  Gypsiferous  waters,  technically  called  selenitic,  our 
tests  have  not  sharply  distinguished  from  the  allied  group  of  more 
cathartic  sulphated  waters  which  also  contain  sodium  and  mag- 
nesium sulphate,  but  it  is  my  general  impression,  from  the  taste 
and  reported  effects  that  the  northern  area  in  Chandler  contains 
more  calcium  sulphate  in  proportion  than  the  southern  area  in 
Fairhaven  and  Winsor  townships. 

Mr.  McCoubrie's  well  on  Sec.  7.  Chandler,  is  cased  deeply  and 
yet  is  salt,  but  as  the  casing  is  srualler  than  the  hole,  and  as  the 
water  becomes  fresher  after  pumping.  I  believe  the  casing  leaks 
and  lets  the  heavy  brine  work  slowly  down  to  the  bottom  of  the 
well. 

The  Burton  ale  of  England  is  said  to  owe  its  peculiar  excellence 
to  the  gypseous  waters  from  which  it  is  made.  Generally  speaking 
brewers  find  artesian  waters  satisfactory,  but  seek  as  low  a  per- 
centage of  mineral  as  possible. 

Almost  all  the  waters  of  our  list  which  are  graded  as  more  than 
low  in  mineral  matter  are  bad  boiler  waters,  in  other  words,  all 
except  the  best  sandstone  waters.  The  sulphates  of  lime  are  es- 
pecially bad.  The  best  remedies  are  frequent  blowing  off,  and, 
for  calcium  and  sulphate  the  use  of  salsoda,  and  using  very  hot 
feed  water.  As  regards  iron  and  the  carbonates  of  lime,  etc.,  some 
help  will  be  obtained  by  letting  the  water  stand  in  a  tank  exposed 
to  the  air  some  time  before  using,  just  as  in  salt  manufacture,  for 
the  iron  and  lime  will  then  spontaneously  separate  out  to  a  large 
extent.  The  following  well  at  Grassmere  is  said  to  furnish  an  ex- 
cellent boiler  water.  So  should  the  waters  of  the  Xapoleon  gen- 
erally, when  properly  cased.  Occasionally  there  is  a  well  that 
foams  somewhat  badly  for  boiler  use. 
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The  next  section  is  written  by  Prof.  Davis  and  gives  his  account 
of  the  waters  of  the  middle  district,  which  are  in  general  much  less 
charged  with  mineral  matter  than  those  of  the  other  districts. 

§  3.  Wells  and  well  waters  of  the  middle  townships  of  Huron 
county.  (By  C.  A.  Davis.) 

The  territory  assigned  to  the  writer  for  examination  was  a  strip 
a  township  and  a  half  wide  on  either  side  of  the  line  between  ranges 
XII  and  XIII  east,  i.  e.,  the  middle  north  and  south  road  of  the 
county.  This  area  was  subsequently  changed  somewhat  by  Dr.  Lane 
who  added  to  his  own  territon-  the  east  half  of  Chandler  township 
and  of  the  township  south  of  it,  because  of  the  ease  with  which 
they  could  be  reached  from  his  headquarters  and  by  the  railroad. 
After  the  completion  of  the  survey  of  this  territory  parts  of  Grant 
and  Brookfield  townships  were  assigned  to  me  with  headquarters 
at  Owendale. 

The  wells  of  these  sections  may  be  classed  under  the  following 
heads : 

(a)  Dug  wells.       (1)  Springs. 

(2)   Boarded  or  planked, 
(3>  Tiled. 
(4)  Stoned. 

(b)  Drilled  wells.    (1)   In  the  drift. 

(2)  Through  the  drift  to  rock, 

(3)  In  rock. 

Springs  were  comparatively-  rare,  and  were  found  most  commonly 
along  stream  banks,  where  the  gravel  deposited  by  the  stream  at 
some  earlier  time  had  been  cut  through  to  an  underlying  clay. 
Such  springs  where  they  were  near  the  house  were  usually  the 
source  of  supply  for  domestic  purposes  and  a  reservoir  w^as  made 
by  sinking  a  headless  barrel  around  the  spring.  The  water  of  such 
of  these  springs  as  were  examined  was  found  to  contain  rather  more 
calcium  salts,  chiefly  carbonates,  than  deeper  wells. 

The  most  common -form  of  curbing  for  wells  in  newly  settled 
districts  where  the  wells  were  comparatively  shallow  and  dug 
through  clay  or  gravel  soil  was  a  box  of  boards  or  planks.  Such 
wells  were  often  noticeably  foul  from  the  decay  of  the  timber  used 
and  from  material  which  had  mechanically  mixed  with  the  water. 

A  few  wells  were  noticed  in  which  a  large  sized  drainpipe  or  ordi- 
narj'  tile  or  cement  was  used  as  curbing.  Such  wells  are  free  from  the 
objections  to  which  planked  ones  are  liable,  and  are  more  per- 
manent. By  far  the  larger  number  of  dug  wells  visited  were  stoned 
up,  either  with  sandstone,  drawn  from  a  distance  in  some  cases, 
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or  with  erratic  boulders  from  the  drift.  In  either  case  the  use  of 
this  form  of  curbing  is  open  to  very  serious  objection,  since  the 
spaces  between  the  stones  permit  the  entrance  of  surface  water 
during  storms,  and  also  of  that  which  runs  from  the  surface  through 
cracks  and  channels,  which  in  clay  soil  are  far  from  uncommon. 
During  the  long  continued  series  of  dry  seasons  which  have  pre- 
vailed for  the  past  years  many  of  the  dug  wells,  partially  or  entirely 
failing,  have  been  deepened  by  boring  small  holes  by  hand  with 
augers  of  various  sizes  to  underlying  water-bearing  strata.  These 
holes  were  commonly  left  without  'tubing  and  the  water  supply 
was  frequently  not  permanently  improved  unless  the  water-bearing 
stratum  which  was  found,  gave  a  strong  up-current,  which  could 
keep  the  opening  made  by  the  auger  clear.  Only  one  case  was 
noted  in  which  a  dug  well  was  flowing  over  the  top. 

The  water  from  such  of  this  type  of  wells  as  were  chemically 
tested  varies  characteristically  with  the  soil,  or  rather  with  the 
form  of  drift  deposits  in  which  they  were  dug,  or  from  which  the 
water  came.  The  water  from  "veins"  in  the  clay  or  clay  gravel, 
generally  contained  more  dissolved  mineral  matter  than  that  from 
sand  or  gravel.  The  mineral  matter  was  frequently  largely  cal- 
cium carbonate,  although  the  sulphate  was  not  wanting.  The 
presence  of  iron  was  frequently  shown  by  the  reddish  color  of  the 
"tea-kettle  scale"  and  in  nearly  every  case  the  presence  of  chlorin 
was  strongly  indicated  by  the  usual  test.  The  water  from  sandy 
layers,  as  would  be  expected,  was  more  free  from  the  calcium  salts, 
and  in  general  contained  less  mineral  matter. 

The  character  of  the  soil  also  has  much  to  do  in  determining  the 
kind  of  wells  which  are  most  common  in  a  given  district,  and  in 
studying  the  wells  of  the  region  traversed  this  was  well  shown.  In 
sections  where  the  surface  layers  were  porous  and  underlain  at  a 
depth  of  several  feet  by  impervious  strata,  or  where  the  drift 
materials  were  clay  and  sand  and  gravel  intermingled  in  layers, 
dug  wells  as  described  above  were  almost  exclusively  used.  Where 
the  surface  material  was  a  compact  clay  without  intermixed  sand, 
or  where  the  rock  was  near  the  surface,  the  wells  were  frequently 
drilled.  If  the  clay  deposit  was  very  deep  the  drill  would  some- 
times strike  a  water-bearing  stratum  before  rock  was  reached,  and 
along  the  southern  border  of  Grant  township  the  wells  were  fre- 
quently of  this  character.    The  water  from  such  wells  was  practi- 
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cally  the  same  as  that  from  those  dug  in  the  clay.  In  many  places, 
however,  the  drill  would  reach  rocks  before  water  would  be  found 
in  any  quantity,  especially  if  the  overlying  clay  was  compact  to 
the  rocks. 

An  interesting  region  was  found  just  west  of  Ubly,  where  there 
are  many  high  clay  ridges.  On  these  the  water  was  nearly  all  ob- 
tained from  deep  drilled  wells  "which  went  a  foot  or  two  into  the 
underlying  sandstone  ninety  or  a  hundred  feet  below  the  surface, 
while  the  wells  in  the  lower  flat  land  on  either  side  of  the  ridges 
were  not  twenty  or  thirty  feet  deep  to  the  same  sandstone,  showing 
that  the  rock  surface  was  in  the  main  nearly  uniformly  flat  under- 
lying the  regions.  Where  the  surface  material  is  rather  thin  and 
porous  and  the  rock  directly  below,  wells  drilled  a  considerable 
distance  into  the  rock  are  the  only  reliable  source  of  supply.  In 
such  cases  drilling  is  continued  until  a  "vein"  of  water  is  struck, 
and,  judging  from  reports,  the  rock  is  more  or  less  intersected  with 
small  channels  in  which  the  water  collects,  as  it  is  said  that  the 
drill  drops,  at  the  time  water  is  found,  as  if  a  hole  had  been  reached. 

The  water  from  this  class  of  wells  was  so  characteristically  pure 
and  free  from  mineral  matter  (see  Anal.  Badaxe  water  p.  137)  that 
it  was  possible  to  tell  by  the  taste  alone  whether  water  came  from 
the  sandstone  or  from  the  clay  above  it.  Calcium  was  usually  pres- 
ent in  traces  in  the  form  of  the  sulphate,  and  chlorin  was  either 
absent  or  present  in  small  amounts.  With  the  exception  of  two 
drilled  wells  on  the  middle  line  of  Sec.  18,  Huron  township,  and 
two  dug  wells  on  the  N.  E.  ^  of  Sec.  12,  Dwight  township,  and 
one  in  Paris  township,  Jiear  the  quarter  line  on  the  north  side  of 
Sec.  20,  the  wells  visited  by  me  alone  were  remarkably  uniform  in 
the  character  of  the  mineral  constituents.  The  two  wells  men- 
tioned as  exceptional  were  quite  brackish,  and  contained  in  addi- 
tion considerable  calcium  sulphate.  In  some  neighborhoods  the 
iron  dissolved  in  tbe  water  was  noticeable  to  the  taste,  and  one 
well  about  100  feet  deep  was  found  at  Pinnebog  P.  O.,  and  was  quite 
strongly  impregnated  with  hydrogen  sulphid.  One  well  a  half 
mile  west  of  Owendale  P.  O.  was  found  which  was  strongly  gypsif- 
erous.  In  the  day's  trip  to  Sand  Beach  to  assist  Dr.  Gordon,  I 
found  the  wells  about  there,  in  Bloomfleld  and  Sigel  townships 
very  brackish  or  even  unpleasantly  salt,  and  to  the  west  of  the  ter- 
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ritorv  assigned  to  me  the  wells  contained  both  salt  and  gvpsum  in 
large  quantities. 

To  sum  up  the  results  of  the  examination,  the  well  waters  of  the 
section  are  remarkably  free  from  mineral  matter,  except  along  the 
northern  tier  of  townships.  The  water  from  the  sandstone  is  very 
pure  and  more  so  than  from  the  drift  above  it.  All  the  waters  of 
the  section  contain  chlorin  and  in  some  districts  the  amount  is 
largely  in  excess  of  that  normal  to  well  waters  of  the  country  as  a 
whole,  and  in  other  formations  might  be  looked  upon  as  an  indica- 
tion of  bad  drainage  and  contamination,  but  in  this  region,  the  fact 
that  salt-bearing  formations  are  so  near^  both  horizontally  and 
vertically,  and  that  there  are  many  old  salt  wells  in  the  vicinity, 
affords  a  satisfactory  explanation  of  the  occurrence  of  chlorids  in 
such  quantities. 

?s'o  flowing  wells  were  found  in  the  region,  except  one  just  east 
of  Badaxe,  until  the  valley  of  the  Pinnebog  was  reached.  South  of 
Elkton.  about  Owendale.  and  south  and  west  of  that  point,  a  con- 
siderable number  of  such  wells  were  found,  and  also  some  that 
formerly  had  given  good  flows,  but  within  a  year  or  two  had  ceased 
flowing. 

§  4.    Mineral  waters. 

So  much  for  the  waters  as  drinking  water,  but.  like  some  other 
things,  what  will  make  a  well  man  sick  may  often  make  a  sick  man 
well,  so  that  some  of  the  less  potable  waters  may  still  be  useful. 

The  water  from  the  well  of  Mr.  Eaither  on  Sec.  13,  south  of  Bay- 
port,  has  been  brought  to  the  Bayport  resort  to  be  used  as  a  cathar- 
tic and  southeast  of  it  are  a  number  of  wells  still  more  powerful. 
Most  of  them  that  are  used  regularly  are  mild  and  one  can  quickly 
become  used  to  them,  but  in  hot  weather  when  one  is  tempted  to 
drink  more,  and  especially  if  neighbors  come  to  help  in  the  thirsty 
work  of  harvesting,  they  give  their  characteristic  effects.  Some 
are  really  too  strong  to  drink  at  all.  Such  cathartic  wells  are  low 
in  chlorides  but  strong  in  sulphates.  The  sulphates  of  magnesia 
and  soda  are  probably  the  most  efficient  agents,  but  no  complete 
analysis  of  the  waters  of  these  wells  has  as  yet  been  made.  Free 
sulphuric  acid  is  sometimes  to  be  detected. 

Then  there  are  the  flows  from  abandoned  salt  wells.  Port  Cres- 
cent has  quite  a  local  reputation,  and  it  seems  to  me  that  for  tonic 
salt  baths,  such  wells,  which  flow,  as  we  have  remarked,  at  Bay- 
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port,  Port  Crescent,  and  Port  Austin,  should  be  an  attractive  addi- 
tion to  tlie  resources  of  a  summer  resort.  Tlie  deoi)  well  at  Harbor 
Beacb,  however,  has  been  the  most  exploited  in  the  county,  and 
its  analyses  are  given  in  Table  III. 

The  way  in  which  some  of  the  wells  rust  tinware  points  to  the 
presence  of  free  acids,  probably  free  sulphuric  and  carbonic  acids, 
and  many  of  them  are  slightly  chalybeate  or  iron-bearing,  judging 
from  the  red  coating  they  throw  down.  However,  the  iron  may  be 
dei'ived  from  the  casing. 

One  or  two  cases  have  been  reported  where  malarial  cases  have 
been  greatly  benefited  by  drinking  the  water  from  these  deep  wells. 
Whether  there  is  any  chemical  ingredient  in  the  water  (one  of  the 
wells  was  IMosner's  well  in  Sebewaing)  that  was  helpful,  or  whether 
the  change  was  really  due  to  the  leaving  off  drinking  swamp  water, 
the  real  trouble  being  bad  water  and  not  bad  air,  I  shall  not  pre- 
sume to  decide. 

The  amount  oF  iron  necessary  to  make  a  chalybeate  (or  ferrifer- 
ous) water  of  marked  medicinal  effect  is  very  small;  many  of  the 
wells  seem  to  contain  some  iron,  especially  those  otherwise  strong 
in  mineral  matter. 


TABLE  III.-ANALYSIS  OP  HURON  COUNTY  WATERS. 


Chemical  components. 

Helderberg  brines. 

Berea  brines. 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

HjO  

776.761 
0  129 
31.274 

767.197 
2.539 
3.000 

CaSOi  

CaClj  

MgCl2  

MgBrj  

0.58 
41.07 

22.44 
U.84 
3.07 
203.29 

0.9936 
62.6636 

5.3542 
24.8400 
37.7788 
179.2391 
0.2271 
0.0004 
311.6000 
1.180 

0.90 
56.89 
Fe.  tr. 

4.85 
22.50 
34.22 
162.64 

'^2:623 
5.373 
Fe  -Oa  .032 
"  4.105 

KCl  

NaCl  

176.161 

225.673 

189.134 

Loss  

14.41 
285.7 
1.187 

Total  soUds  

Sp.  Gr  

282.00 

223.239 
88° 

232  803 
84° 

201.236 

Note. — These  analyses  are  all  reduced  to  parts  per  thousand,  i.  e., 
grams  per  kilogram  or  ounces  per  cubic  foot,  nearly,  from  various 
forms  of  statements  as  referred  to.  It  has  been  assumed  that  the 
respective  chemists  in  stating  the  amount  in  grains  per  imperial 
gallon,  etc.,  have  really  taken  10  lbs.  of  the  water  a  gallon,  regard- 
less of  the  specific  weight  of  the  brine.  It  is  quite  common  to 
neglect  the  specific  weight  of  mineral  waters. 


136 


HUROX  COUNTY. 


(1)  Hetherington  &  Rasher,  analysts;  for  U.  S.  Alkali  Co.,  Sp. 
Wt.  1.187,  from  grains  per  imperial  gallon  divided  by  70. 

(2)  S.  P.  Duflfield,  analyst,  left  unchanged  from  grammes  per  litre, 
but  Sp.  gr.  =  1,180  at  60°  F.  Harbor  Beach. 

(3)  R.  C.  Kedzie,  analyst,  from  grains  per  imperial  gallon,  divid- 
ing by  70,  Tdth  tr.  of  Fe.,  both  these  analyses  from  Vol.  V,  p.  82. 
These  two  are  earlier  than  Xo.  1,  but  all  three  are  of  waters  from 
the  same  well. 

(4)  From  Vol.  Ill,  p.  183,  and  Vol.  V,  Part  II,  p.  75,  from  percent- 
ages, 88°  salinometer  :  Ayers'  well,  Port  Austin. 

(5)  S.  P.  Duffleld,  from  percentages,  84°  salinometer,  Harbor 
Beach  702  ft.  deep.    Another  report  gives  98.7'^  of  the  solids  XaCl. 

(6)  From  percentages.  78.5°  salinometer.  Thomson  Bros.;  White 
Rock  566  feet  deep,  Vol.  Ill,  p.  184,  and  Report  on  Centennial 
Exhibit. 

(7)  A.  B.  Prescott  from  well  about  2000  feet  deep,  but  plugged 
off  at  550  feet,  see  below;  main  flow  from  Xapoleon.*  Sp.  Wt.  1.0029. 
Old  Bayport,  T.  17  X.,  R.  10  E. 

(8)  A.  B.  Prescott,  Oct.  13th,  1891,  from  well  328  feet  deep  at  Bay- 
port,  main  flow  from  Napoleon  sandstone,  but  Michigan  series  not 
cased  off,  well  flowing  all  the  time;  from  grains  per  gallon  by  divid- 
ing by  700^12. 

(9)  Bayport  Station,  19  foot  well,  A.  B.  Prescott.  Residue  of  half 
a  litre  tested  for  K,  Li,  and  Br.  Sp.  Wt.  =  1.0007.  Faintly  alkaline, 
saline  solids,  0.5006  per  thousand. 

(10)  Dr.  R.  C.  Kedzie,  well  15  feet  deep  pumped,  Bayport,  by 
dividing  by  70  from  grains  per  imperial  gallon.  Hardness  12°  tem- 
porary, 6.5-  permanent. 

(11)  Is  a  sanitary  analysis  of  a  shallow  well  at  (Sand)  Harbor 
Beach.   See  Water  Supply  Paper  of  the  U.  S.  Geol.  Survey,  No.  31, 


8 

9 

10 

Ca  H.,(C03),  

.451 
.360 

.038 
.440 
.044 
.100 

.344 
.019 
.009 

.148  Ca  CO3 
.000  Ca  SOt 

Ca  SO4  

Mg  HaiCOs)-,  

.031  Mg  CO3 

Mg  Clo  

.196 
.015 
2.379 

.016 
.010 
.022 
.078 

Silicic  acid  

.144 

.925 
.201 

NaCl  

.007  Na  CI 
.014  Organic 

Na  H  CO3  

*3.403  1.8P2 

.499 

.200 

*  By  summation. 
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p.  47.  The  above  analyses  I  have  all  incorporated  in  that  paper, 
where  their  statements  in  other  forms  will  be  found. 

No.  11  is  by  Prof.  V.  C.  Vaughan  at  Ann  Arbor. 

Nos.  12  and  13  are  partial  sanitary  analyses  of  the  Badaxe  water 
supply  by  F.  S.  Kedzie  and  are  from  wells  200  feet  deep  in  the 
Upper  and  Lower  Marshall  sandstones.  See  §  under  T.  16  N., 
E.  13  E.  No.  12  is  from  the  dead  end  of  the  pipe  (the  references  in 
water  supply  paper  No.  31  are  erroneously  interchanged^  and  the 


No. 

11. 

12. 

13. 

Number  of  bacteria  in  72  hours  

.812 
.00008 

Albuminoid  ammonia  

.000072 
.0000024 

.000048 

.00002 

light  tr. 

Permanganate  reduced  

.003 

Chlorine  as  NaCl  

.002 

.020 

.100 

.090 

Inorpranic  residue  

.23.5 

.204 

'055 

.35.5 

.295 

5°. 5 

5°. 9 

5°. 2 

increase  in  organic  matter  over  No.  13  is  doubtless  due  to  growth  of 
algap,  while  the  increase  of  inorganic  matter  may  probably  be  iron 
dissolved  by  free  COo  in  the  water  from  the  pipe. 

Of  these  analyses  the  most  interesting  geologically  and  practically 
are  those  of  the  brine  near  the  bottom  of  the  Harbor  Beach  well. 
That  the  water  analysed  by  Dr.  Kedzie  is  as  strong  in  K  and  Br  as 
shown  there  can  be  no  doubt.  Some  of  it  is  still  preserved  at  the 
Agricultural  College  and  used  for  exhibiting  tests  upon  bromine. 
That  the  sample  was  artificially  doctored  there  is  no  reason  to  be- 
lieve^ in  view  of  the  fact  that  the  well  was  used  and  continued  to 
be  used  only  for  salt  manufacture,  and  so  far  as  I  know  there  was 
no  attempt  made  to  sell  the  property. 

All  parties  seemed  to  be  much  surprised  at  the  result  of  the 
analysis,  which  was  repeated,  as  shown.  The  most  plausible  sup- 
position is  that  the  sample  contained  an  extra  large  amount  of  the 
bitter  water  struck  at  1860  feet,  which  was  later  diluted  by  lower 
brine  of  more  normal  composition  at  1875  feet.  It  will  be  noticed 
that  these  brines  are  somewhere  in  the  Helderberg  dolomites,  prob- 
ably (possibly  Hamilton  i.  e.  Traverse)  and  not  in  the  Berea  which 
as  elsewhere  in  the  county  was  a  strong  pure  brine^  the  analysis  of 
which  is  No.  5.  Nos.  4,  5  and  6  are  from  the  Berea  grit  and  show 
clearly  the  progressive  increase  in  solids  with  depth.  Nos.  12  and 
18-Pt.  II. 
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13  show  the  pure  water  of  the  Marshall  sandstone.  Xo.  8  shows 
the  same  water  mixed  with  the  sulphated  waters  of  the  gypsiferous 
Michigan  series  above.  No.  7  penetrates  deeper  into  the  lower 
Marshall  and  we  see  that  the  CaSO  j  is  relatively  reduced  while  the 
salt  and  carbonates  increase, — just  what  might  be  expected.  Xos. 
9  and  10  are  shallow  wells  showing  the  water  yielded  by  the  Bay- 
port  limestones  and  sandstones, — a  little  hard  and  not  as  low  in 
mineral  matter  as  the  Badaxe,  but  less  mineralized  than  most  of 
the  water  in  the  state.  Probably  the  circulation  of  water  in  these 
beds  is  quite  free,  as  I  have  indicated  in  discussing  Fig.  9,  and  an 
analysis  in  sand  would  not  be  very  different.  Such  analysis  I  take 
No.  11  from  a  Harbor  Beach  well  to  be,  for  I  know  that  the  deeper 
wells  like  that  at  the  Dow  House  are  salty. 
§  5.    Chemical  tests  of  well  waters. 

In  a  county  as  flat  and  with  as  few  outcrops  as  Huron  county, 
any  thought  of  following  the  stratigraphy  was  out  of  the  question, 
unless  the  wells  helped  us  to  do  it.  Information  gathered  concern- 
ing the  beds  passed  through  is  valuable  so  far  as  it  goes,  but  often 
the  important  facts  have  passed  from  the  memory,  and  again 
memories  are  deceptive.  I  had  tlie  depth  of  the  Port  Crescent  salt 
wells  reported  to  me  from  memory  as  all  the  way  betwen  900  and 
1,500  feet  deep.  It  was  therefore  very  desirable  to  have  as  a  check 
something  that  could  be  tested  as  a  present  fact,  and  it  seemed 
to  me  possible  from  tilings  I  had  heard  about  different  wells,  that 
something  might  be  made  by  testing  them.  Practical  tests  in  a 
small  way  were  hopeful,  and  as  the  proof  of  the  pudding  is  the  eat- 
ing, I  resolved  on  a  systematic  testing  of  the  wells.  It  was  obvious- 
ly necessary  that  the  tests  should  be  of  the  simplest  and  most  rapid 
description,  and  they  could  be  but  qualitative.*  "A  pocket  case  con- 
taining a  set  of  reagents  for  making  the  ordinary  qualitative  tests 
for  the  more  common  metals  forming  soluble  salts  was  devised  and 
taken  into  the  field,  equipped  with  test  tubes,  etc.,  but  was  aban- 
doned after  a  few  weeks'  trial  as  too  cumbersome,  and  from  this 
time  on  a  discarded  bicycle-tool-bag.  respectively  compass  case," 
containing  a  few  physicians'  casevials  of  reagents  and  a  test  tube 
constituted  the  laboratory.  The  brief  experience  had  shown  that 
the  waters  were  practically  free  from  substances  easily  recognizable, 
except  the  sulphates,  chlorids,  calcium  and  iron,  and  search  for 
others  was  not  practicable  in  the  field.    Fnder  these  circumstances 


•All  in  quotation  marks  is  from  Prof.  C.  A.  Davis. 
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the  reagents  selected  were, — silver  uitrate,  barium  clilorid,  ammon- 
ium oxalate  and  tannic  acid,  the  latter  not  perhaps  the  best  for  the 
purpose,  but  the  only  available  one  at  the  time  it  was  adopted.  A 
small  quantity  of  the  water  to  be  tested  was  used  to  rinse  out  the 
test  tube  thoroughly,  then  not  more  than  one-half  inch  of  the  water 
was  taken  into  the  tube  and  a  drop  or  two  of  the  reagent  re(iuired 
was  allowed  to.  run  into  it.  If  chlorin  was  the  substance  sought 
and  after  the  addition  of  silver  nitrate  a  mere  opalescence  appeared, 
the  result  was  noted  as  indicating  a  'trace'  of  chlorin.  If  the  silver 
nitrate  gave  a  milky  appearance  to  the  water,  up  to  the  point  of 
curdiness  it  was  noted  as  'CI  low'  or  'low  plus;'  if  a  curdy  precipitate 
formed,  it  was  said  to  be  'medium'  or  'medium  plus,'  according  to 
the  promptness  with  which  the  curdiness  appeared,  and  if  the  water 
had  a  brackish  taste,  it  was  noted  as  'CI  strong.'  and  the  curdy  pre- 
cipitate was  very  marked  in  such  waters. 

"After  the  test  was  made  it  was  usually  repeated,  and  the  tube 
was  very  carefully  cleaned,  before  another  substance  was  looked  for. 
In  this  way  the  wells  were  tested  quantitatively  in  a  rough  way.  as 
well  as  qualitatively. 

''The  other  mineral  constituents  could  not  be  graded  so  accurately 
as  the  chlorin,  but  fhe  density  of  the  precipitate  and  the  rapidity 
with  which  it  formed  gave  a  fairly  good  indication  of  the  relative 
amount  of  each  substance  present,  and  by  the  aid  of  these  tests  we 
were  enabled  to  determine  the  mineral  impurities  of  the  wells 
visited,  with  sufflcient  accuracy  for  the  purpose."* 

I  may  remark  that  the  cliemicals  above  mentioned  have  the  ad- 
vantage that  they  can  be  carried  around  in  a  dry  form,  and  dissolved 
in  rainwater  as  needed.  Citric  acid  may  be  used  instead  of  HCl 
for  the  same  reason. 

A  few  suggestions  as  to  recognition  of  the  substances  by  the  gen- 
eral behavior  of  the  waters,  may  be  also  interesting.  Lime  and  to  a 
less  extent  magnesia  and  iron  make  tea  kettle  scale;  a  scale  of 
carbonates,  will  dissolve  in  hot  vinegar  quite  rapidly  witb  effer- 
vescence, but  the  sulphate  of  lime  dissolves  more  slowly  with 
no  effervescence,  and  has  a  fibrous  appearance  when  carefully  ex- 
amined, and  is  softer.  An  iron  watn  makes  a  red  scale  and  turns 
tea  black  or  a  weak  yellow  solution  brown,  practically  the  same  re- 


*AU  in  quotation  marks  is  from  Prof.  C.  A.  Davis, 
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action  as  that  which  we  used  with  tannic  acid.  Cathartic  effects 
are  generally  due  to  sulphate  of  magnesia  or  sulphate  of  soda. 

As  Prof.  Davis  remarks  aboA-e,  the  testing  was  qualitative,  but 
we  give  below  a  table  which  he  prepared  showing  roughly  the  quan- 
titative equivalents  of  his  chlorine  tests.  As  the  difference  between 
medium  and  strong  is  one  of  taste  it  is  more  uncertain,  and  I  found 
that  as  I  was  in  a  region,  and  staying  at  hotels  at  Sebewaing  and 
Bayport  where  there  was  more  salt  naturally  in  the  water,  than  was 
usual  in  the  district  in  which  Davis  worked,  my  division  line  be- 
tween medium  and  strong  was  higher  than  his.  In  order  to  grade 
more  accurately  these  wells  with  mucb  mineral  matter  I  had  re- 
course to  a  physician's  urinometer,  which  measures  the  specific 
gravities.  This  consists  of  an  instrument  like  a  salinometer, — a 
cylindrical  vase  in  which  floats  a  glass  bulb  with  mercury  in  the 
lower  end,  and  the  upper  end  prolonged  into  a  stem  like  a  ther- 
mometer, which  is  usually  divided  into  60  divisions,  with  the  0  at 
the  top,  at  the  point  at  which  it  floats  in  pure  water.  The  heavier 
the  water  is,  i.  e.  the  more  salt  it  contains,  the  higher  the  bulb  floats 
and  the  excess  of  weight  of  equal  volumes  measured  with  reference 
to  the  volume  of  pure  water  is  measured  on  the  urinometer  scale 
and  the  reading  gives  about  twice  the  salinometer  reading  and  about 
eight  times  the  percentage  of  salt.  For  example,  if  the  urinometer 
reads  16  the  salinometer  will  read  9  minus,  the  percentage  of  salt  will 
be  somewhat  over  2^,  the  specific  gravity  will  be  1.016  or  a  cubic  foot 
of  the  water  (thirty  quarts)  will  weigh  nearly  16  ounces  more  than  a 
cubic  foot  of  pure  water  would  under  similar  conditions.* 

My  tests  around  Sebewaing  indicated  that  by  taste  I  usually 
classed  a  well  with  a  specific  gravity  of  1.002  as  moderate,  but  any- 
thing above  that  as  strong  or  "medium  plus.''  Hence  the  range  of 
"medium''  in  my  cose  would  be  up  to  2.6  parts  per  thousand  of  solids, 
and  if  as  in  analysis  (8)  the  salt  (XaCl)  was  about  half  the  solids 
(and  the  wells  were  generally  strong  of  sulphates  as  well  as  chlor- 
ides), my  "medium"  would  correspond  to  Davis's  "medium  plus." 
The  range  of  meaning  in  the  other  components  is  still  less  exact, 
but  speaking  generally,  "SO^  strong"''  would  correspond  to  a  satur- 

•Approximately ;  the  table  on  pp.  177-179  in  Vol.  Ill,  of  our  reports  gives  more  ac- 
curate figTjres,  but  that  is  itself  not  quite  accurate,  and  the  varying  percentag-es 
of  different  salts  prevent  great  accuracy,  so  that  the  rule  above  is  probably  prac- 
tically as  accurate  as  the  table.  The  temperature  ought  also  to  be  considered. 
Urinometers  axe  usually  graduated  for  a  temperature  of  60°  F. 
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alod  solution  of  gypsum,  about  178  grains  per  imperial  gallon  or 
2,170  to  2,540  parts  per  million.* 

The  following  are  Prof.  Davis's  notes  to  determine  tbe  value  of  his 
CI  tests  during  the  summer: 

100  milligrams  NaCl  to  litre  H  lO  =  no  saline  taste  CI  low—" 

20O  ••  =  ^llow- 

3(,0  11  "  "  "  =  CI  low— 

400  "  •'  "  "  "  =  very  slight  saline  taste  CI  low— 

500  "  "  "  "  "  =  slight  saline  taste  Cllow+ 

600  "  "  ■"  "  "  =  faintly  brackish  CI  low  4- 

700  "  ' =  faintlv  brackish  CI  low+ 

800  "  *'  "  "  ■•  =  brackish  CI  medium 

900  '■  "  "  "  "  =  well  marked  brackish  CI  medium 

1000  "  "  "  "  "  =  well  marked  brackish  CI  medium 

1100  "  "  "  "  =  well  marked  brackish  Clmedium  + 

1200  '•  "  "  "  "  =  well  marked  brackish  CI  medium+ 

1300  '■  '■  "  "  "  =  well  marked  brackish  CI  medium^- 

1400  ■'  '  "  =  slightly  salt  CI  strong 

1500  "  ' "  =  slightly  salt  CI  strong 

2000  "  '  '•  =  well  marked  salt  CI  strong+ 

"So  our  'CI  low'  or  'traces'  probably  indicate  salt  present  as  high 
as  2  parts  to  10,000  of  water,  'low'  up  to  5  parts  to  10,000,  'low  +' 
up  to  8  parts  to  10,000,  'medium'  up  to  1.1  parts  to  1000,  'medium 
+  '  up  to  1.3  parts  to  1000  and  strong  above  1.3  parts  to  1000;  in 
every  case,  provided  the  chlorides  of  calcium  and  magnesium  were 
not  present  (which  seems  likely  from  the  faintly  saline  tests  which 
are  present  in  nearly  all  my  solutions).  The  lowest  amount  of  salt 
I  could  get  to  give  a  reaction  was  two  milligrams  to  the  litre,  —  2 
parts  to  1,000^000,  —  from  which  I  got  a  very  slight  opalescence, 
forming  very  slowly.  In  these  experiments  I  used  the  same  silver 
nitrate  which  I  used  all  summer,  and  the  results  may  have  additional 
interest  on  that  account.f" 

The  main  result  of  these  tests  is  to  show  that  the  Napoleon  sand- 
stone has  less  mineral  matter,  and  especially  less  of  sulphates  in 
proportion  to  chlorine  than  the  overlying  beds,  and  a  parallel 
phenomenon  has  long  ago  been  observed  by  Garrigues,  in  the  brines 
of  the  Saginaw  Eiver  (Vol.  Ill,  pp.  182-183).  Below  the  Napoleon 
the  salt  reappears,  but  the  sulphates  are  not  so  prominent,  and  the 
analyses  of  the  deeper  wells  show  a  predominance  of  magnesium  and 
calcium  chlorides.$ 

♦Its  solubility  varies  somewhat  with  temperature,  being  greatest  at  95°  F.,  and 
also  with  the  other  substances  in  solution. 
tExtract  from  letter  of  C.  A.  Davis,  Feb.  12th,  1S97. 

jThe  varying  percentage  of  sulphates  on  the  one  hand  and  of  the  chlorides  of 
magnesia  and  lime  on  the  other  in  association  with  these  brines  suggests  some 
interesting  questions.  How  can  the  gypsum  which  exists  in  the  sea  water  be  so 
completely  got  rid  of  as  in  analysis  (4)  or  must  we  suppose  that  the  sea  was  then 
deficient  in  a  sulphate  of  lime?  The  latter  supposition  in  view  of  the  beds  ot 
gypsum  that  occur  both  above  and  below  seems  hardly  likely,  and  one  is  tempted 
to  conceive  the  sulphate  of  lime  as  having  been  chemically  replaced.  But  the  only 
place  where  the  sulphur  can  be  disposed  of  is  in  the  sulphides.  We  find,  in  fact, 
brine-bearing  sandstones,  the  top  of  the  Napoleon  sandstone,  or  the  sandy  layers 
exposed  at  the  Point  aux  Barques  lighthouse,  heavily  charged  or  entirely  en- 
crusted with  sulphides.   But  this  disposition  of  the  sulphur  implies  a  reducing  or 
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§  6.    Systematic  catalogue  of  wells  and  borings. 

Explanations  and  Abbreviations. 

In  so  many  records  taken  by  different  men  at  different  times 
perfect  uniformity  in  descriptioo  is  not  observed.  But  in  general 
the  first  thing  given  is  the  location  of  the  wells  within  the  section, 
according  to  the  system  which  has  been  for  some  time  adopted  by 
the  Survey,  i.  e.,  by  the  number  of  paces  north  and  west  of  the 
southeast  corner  of  the  section,  assuming  ordinarily  2000  paces  to 
the  mile,  and  that  wells  are  ordinarily  about  50  steps  fi'om  the  road. 
Thus  locations  beginning  19.50  X.  are  on  the  north  side  of  the  section. 
Occasionally  wells  are  located  from  some  other  corner,  or  by 
feet,  instead  of  paces,  or  described  by  the  fraction  of  the  section  in 
which  they  occur,  but  it  is  explicitly  stated  in  such  cases.  Next 
generally  follows  the  depth,  and  the  depth  of  bed  rock,  or  the  depth 
of  casing,  in  feet  and  then  the  results  of  tests  for  salt  (CI)  sulphuric 
acid  Ho  SO4,  sulphates  (SO^I.  and  lime  fCa)  and  iron  (Fe),  as  above 
described  (§  5),  stating  whether  they  are  present  in  large  quantity 
(strong  or  str.)  in  moderate  quantity  (med.  or  mod.),  in  slight 
quantity  (low),  or  in  traces  (tr),  or  absent  (0).  Xext  comes  the 
elevation  above  sea  or  tide  level  (A.  T.)  which  sometimes  precedes, 
sometimes  follows  the  altitude  in  feet.  The  elevation  above  Lake 
Huron  is  about  581  feet  less.  When  the  water  tasted  markedly  of 
mineral,  the  specific  gravity  test  with  the  urinometer  was  often 
made  (Sp.  Gr.  or  Sp.  Wt.). 

When  the  well  flowed  the  temperature  was  commonly  noted  with 
a  pocket  thermometer.  That  read  by  Davis  seemed  to  read  about 
2°  higher  than  that  by  Lane.  The  latter  has  been  compai*ed  with 
Green's  thermometer  Xo.  7536  and  agrees  within  a  degree.  The 
general  division  of  field  work  has  been  given  above.  In  certain 
cass  of  doubt  the  field  obsen-er  is  indicated  by  initial;  (D)  Davis, 
(G)  Gordon,  (L)  Lane. 

The  records  are  arranged  first  by  townships  then  by  ranges,  beginning  at  the 
S.  E.  and  then  by  sections. 


deoxidizing  action,  and  it  may  be  noted  that  the  sulphides  tend  to  form  near  and 
replacing  fossils  or  in  blue  or  black  shales  which  owe  their  color  to  the  organic 
matter  contained,  which  may  serve  as  a  deoxidizing  agent.  The  general  reaction 
would  then  be  that  organic  carbon  in  oxidizing  would  bring  into  solution  the  iron 
as  bicarbonate,  which  would  partially  then  interchange  with  the  lime,  forming 
sulphate  of  iron  (Geol.  Sur.  Miss.  Ill,  1S92,  p.  19),  which  would  then  in  presence  of 
more  reducing  carbon  compounds,  be  reduced  to  the  sulphide  of  iron.  According 
to  this  scheme  the  sulphides  would  form  near  the  reducing  agents  and  the  sul- 
phates and  bicarbonates  farther  therefrom.  In  the  same  way  the  carbonic  acid 
slowly  generated  by  decomposing  organic  matter,  would  crowd  out  the  sulphuric 
acid  from  the  sulphate  of  lime  to  a  slight  extent,  which  would  in  its  turn  claim  a 
certain  proportion  of  the  sodium  (Na)  from  the  sodium  chloride  (NaCl),  thus  giving 
rise  to  the  complicated  associations  that  we  find. 
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Sebewaing  Township  (T.  15  X.,  E.  9  E.)- 

Section  1. 

1950  N.,  1280  W.,  so  feet  deep,  65  to  rock,  with  CI  low.  SO,  trace.  J.  Graves, 
owner.   A.  T.  631. 

1950  N.,  SSO  W.,  122  feet  deep.  68  to  rock;  CI  low.  drilled  by  A.  Jahnke  for  Ch. 
Marotski.    Chas.  Falle  drilled  300  ft.,  near  bv  in  a  vain  attempt  to  obtain  a  flow. 
620  N.,  50  W.,  160  feet  deep;  CI  low.  SO,  low.    A.  T.  629. 
1000  N.,  980  W.,  11  feet  deep.    A.  T.  630. 

Section  2. 

In  southwest  quarter.    Drilled  by  J.  Russell  for  Henry  Gettel,  A.  T.  630. 
DRILLER'S  RECORD. 

Thickness.  Total. 

Oar    62  62 

Hardnan    6  68 

Limerock    2  70 

Slate    20  90 

Sandrock    30  120 

Limerock    8  128 

Sand  rock  (Napoleon  sandstone)   6.'5  193 

and  in  the  same  quarter,  J.  Russell  drilled  a  well  for  Mrs.  J.  Gettel  as  follows: 

Thickness.  Total. 

Old  well    66 

Hardpan    4  70 

Limerock   5  75 

Slate    27  102 

Dark  sandrock    15  117 

Sandrock    10  127 

Limerock    4  31 

Sandrock    2  133 

Limerock    6  139 

White  (Napoleon)  sandrock    15  .  154 

980  N.,  920  W..  first  well  100  ft.  deep.  SO,  low,  second  surface  well  dry.  A.  T.  630. 
1360  N.,  820  W.,  12  feet  deep.  dug.    A.  T.  62S. 

980  N..  1440  W.,  190  feet  deep,  80  to  rock,  the  first  50  or  60  feet  "slate"  (shale), 
then  40  feet  and  more  sandstone;  CI  low.   L.  Ebert,  owner.   A.  T.  622. 

1610  N..  1950  W..  140  feet  deep.  60  to  rock,  the  casing  driven  90  feet,  i.  e..  30  feet 
into  soft  rock;  CI  med.  SO,  tr.    A.  T.  616. 

Section  3. 

780  N.,  1950  W..  deepened  from  75  leet.  which  may  be  about  the  depth  to  bed 
rock,  down  to  135  feet,  at  present  CI  med.  SO,  tr.  It  teas  harder  when  shnllower. 
A.  T.  616. 

1240  N..  1950  W..  157  feet  deep,  about  70  to  rock.  Drilled  by  C.  Hofmeister  for 
C.  Winter.  The  water  never  overflowed,  though  at  first  it  came  just  to  the  top, 
and  always  remains  nearly  full.  CI  low.  SO,  tr.  There  is  another  shallow  6  foot 
well. 

1700  N.,  50  W.,  Depth  to  rock  60  feet,  total  deoth  160  feet.    CI  med.  SO,  low.  Carl 
Beck,  owner.    A.  T.  628. 
620  N.,  50  W..  depth  290  feet.    A.  T.  620. 

50  N.,  1100  W..  CI  med.  SO,  low.  See  Russell's  record  following,  probably  of 
this  well.    A.  T.  620. 

Section  4. 

1130  N.,  1450  W.,  well  18  feet  deep,  water  yellow  and  probably  surface  water. 
A.  T.  610. 

800  N..  50  W.,  well  210  feet  deep,  and  around  here  it  is  SO  to  90  feet  to  rock;  CI. 
med.    SO,  trace.    Geo.  Gremel.  owner.    A.  T.  610. 

il20  N.,  50  W..  205  feet  deep.  96  to  rock,  and  then  sand  rock  all  the  way  down. 
Water  begins  at  about  160  feet  and  at  205  feet  we  pass  through  the  waterbearing 
rock.    F.  J.  Gremel,  owner.   A.  T.  612. 

1890  N..  50  W.,  20  feet  deep,  not  drilled.   A.  T.  60S. 

Section  5. 

50  N.,  50  W.,  shallow  well  in  surface  sand,  of  which  there  are  extensive  ridges 
and  dunes  on  the  south  line  of  the  section.   A.  T.  612. 

Section  7. 

Southeast  quarter.  Test  well  by  J.  C.  Russell  for  J.  C.  Liken  on  Kobeld's  land. 
No.  1,  May  9th,  1894.   A.  T.  590. 
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Thickness.  Total. 

Clay    52 

Hardpan                                                       4  56 

Loose  sandrock                                            2  58 

Sandrock                                                      2  60 

Light  slate  rock                                          6  66 

Fire  clay                                                     2'  7"  68'  7" 

Black  slate                                                  4'  S"  73'  3" 

Fire  clay                                                     5'  78'  3" 

Slate  and  iron                                             1'  4"  79'  7" 

Coal                                                             1'  2"  Sfy  9" . 

Dark  sandrock                                            1'  8"  82'  5" 

Test  well  No.  8.  on  Kobeld's  land  near  the  railroad,  as  recorded  below.  A.  T. 
590%.   Record  as  follows: 

Thickness.  Total. 

Clay    43 

Sandstone                                                   15  58 

Shale  and  slate                                          6  64 

Coal                                                             6  in  64% 

Hardpan                                                       8  72% 

Slate                                                           17  89y2 

Coal                                                                 4  9.3% 

Fire  clay                                                      3  96'  6" 

No.  9.  Test  well  on  Kobeld's  land  (Coreyell's  series).  Depth  99  feet.  A.  T.  590. 
Record  as  follows: 

Thickness.  Depth. 

Clay    50 

Sandrock  2  ft.  very  hard                            15  65 

In  black  slate                                              4'  6"  69'  6" 

Coal                                                                6"  70 

Hardpan                                                          3'  73 

Blue  shale                                                      5'  78 

Coal                                                            13'  4"  93'  4" 

1  ft.  in  fire  clay    99 

S.  E.  No.  2  test  well  for  J.  C.  Liken  on  Kobeld's  land.  Probably  put  down 
May  26th,  1894.   Depth  S5  feet  9  inches. 

Thickness.  Depth. 

Clay    52 

Loose  sandrock                                           1  53 

Sandrock                                                      7  60 

Iron  pyrites                                                 1  61 

Black  slate  rock                                          5  66 

Fire  clay  rock                                             1  67 

Slate  rock                                                     14'  4"  81'  4" 

Coal                                                             2  8.3'  4" 

Brown  rock                                                 2'  5"  85'  9" 

S.  E.  %.  No.  2  test  well  for  Sebewaing  Mining  Company.  Depth  91  feet  11  inches. 
About  590  A.  T.   Record  as  follows: 

Thickness.  Depth. 

Clay    50'  6" 

Hard-pan                                                     5'  6"  .56 

Loose  sand  rock                                          1  57 

Hard  pan   .•                       4'  10"  61'  10" 

Soap  or  slate  rock                                      13'  3"  75'  1" 

Black  slate  rock                                          4'  4"  79'  5" 

Coal                                                                 r  6"  SO'  11" 

Fire  clav                                                     6'  6"  87'  5" 

Fine  sand                                                    4'  6"  91'  11" 

No.  1  test  well  for  Sebewaing  Mining  Company.  Depth  130  feet.  About  590  A.  T. 
Record  as  follows: 

Thickness.  Depth. 

Clay    50 

Hardpan                                                       7  57 

Loose  sandrock                                          2  59 

Small  vein  of  sand   

Hardpan                                                       3  62 

Black  slate                                                13  75 

Light  slate                                                19  94 

Black  slate                                                24  118 

Fine  sandrock                                             12  130 
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Section  8. 

S.  W.  14.  Block  2,  Lot  9,  of  Chappell's  subdivision,  980  N.,  1600  W.  CI  med.  +, 
SO,  tr.  Henry  Muller.  Original  depth  273  ft.  It  was  deepened  in  August,  1890. 
This  well  was  cased  to  192  feet,  afterward  to  194  feet,  and  the  deep  casins  has 
improved  the  water.  Flow  was  strong;  2  gallons  in  eight  seconds.  T.  52.5°;  10  foot 
head.   Record  as  follows: 

Thickness.  Total.  Correlation. 

Old  well   57    Pleistocene. 

Loose  sandrock   2  59  i 

Light  slate  rock   24  .83 

Black  slate  rock   5  7'      88;7"  I.  ^o^i  Measures. 

Dark  sandrock                                               3  94'7"  \ 

Water  sandrock                                         lO'S"  105  J 

Offset  at   126'/2   

Slate  with  hard  streaks   102  207  | 

grat'w^lfh^S^l^d  streak                              1!  II     !  Grand  Rapids  group. 

Soft  slate  rock                                             12  247  J 

Sandrock                                                  b7  314 

1360  N.,  1316  W.  About  50  feet  southwest  of  corner  of  Young  and  Center 
streets.  Lot  3.  Block  2.  of  J.  C.  Liken  &  Co.'s  plat.  J.  Bauer,  owner.  A.  T.  596. 
Driller's  record  as  follows:  A.  C.  Lane  was  present  at  the  drilling  and  the  notes  in 
brackets  are  his. 

Clay  (old  well  20')   48   

Hardpan  (clay  with  little  stones,  Sept.  2) . .    16  64  Pleistocene. 

Light  shale   10  74 

Black  shale   7  81  Coal 

Black  slate   8  89  Measures. 

(Sept.  3,  down  to  95'2',  coal  between  81 

and  88  ft  ?   Lighter  lire  clay  at  bottom). 

A  little  coal  

Black  shale   12  101 

Sand  rock   3  104 

Hard  dry  hme  rock.  CI  mod  SO^  mod   9  113     Bayport.  i.  «., 

Sept.  5,  Down  to  118  ft.,  struck  water  in 

last  10  feet:  the  driUiners  full  of  brown 

angular  fragments  with  some  sulphide  Maxville. 
of  iron  and  zinc,  showing  probably  that 
they  have  passed   through  a  siderite 
nodule. 

Light  hme  rock  (effervescing  freely)   14  127  Limestone. 

A  drop  of  7  in.,  SO4  mod.  CI  med.  4-  Sp. 
gr.  1.002  +. 

Light  and  blue  shale   50  177 

Sept.  9.  sandy  shale  7'  below  the  drop, 

then  blue  shale  12  to  144  this  day. 
Sept.  10.  145-155  blue  calcareous  shale. 
Sept.  11.   155-170  blue   calcareous  shale 

sticky. 
Work  interrupted  12- 13th. 

Sandrock   5  ]P2  ) 

Lime  rock   6  188  [•  Michigan  series. 

Sandy  shale   10  198  ) 

Light  shale   8  206 

Dark  hme  rock   19  225  ) 

Light  shale   24  249  -  Soule  beds. 

Lime  rock   3  252  ) 

Water  sand  rock   48  300     Napoleon  sandstone. 

Fine  sand  rock   10  310     Upper  Marshall. 

Finished  Friday.  Oct.  2d,  1896.   Good  flow. 

S.  E.  Vi  of  N.  W..  on  dividing  line  between  Campbell  and  Martini's  place,  about 
100  feet  from  the  street. 

1130  N.,  1430  W.  CI  med.  SO,  med.  Hard.  Sp.  -n't.  1.004.  Head  fluctuates  every 
day.  In  1SS9,  10  foot  head,  Aug.,  1>%.  3  foot  head,  in  Sept..  1S96,  2  foot  head.  It 
failed  entirelv  soon  after.  Martini  and  J.  W.  Campbell,  owners.  Depth  280  to  285 
feet  (.330?).  No  flow  until  at  the  verv  bottom,  then  with  one  blow  of  the  drill  at 
least  10  feet  head.    A.  T.  596. 

675  N..  1265  W.,  Main  street,  opposite  Fourth  street.  Flowing  well  T.  8°  R.  =  50°  F. 
Depth  365  feet.  Owned  by  Hseberlein's  Brewery.  This  well  is  deeper  than  neces- 
sary for  water,  and  they  stopped  going  further  for  fear  of  getting  salt.  It  is  5° 
less  hard  than  Mosner's  well  and  has  less  S.  It  is  cased  to  160  feet,  then  there  is 
blue  slate  20  feet,  the  rest  is  solid  rock,— about  300  feet  to  sandstone.  It  is  prob- 
able that  the  driller  commenced  getting  into  the  red  rock  which  other  records 
show  underlies  the  Napoleon,  and  is  commonlv  taken  to  be  a  sign  of  salt.  A.  T. 
607. 

630  N.,  1350  W.  Block  11  W.  C.  Chappell's  addition  400  ft.  N.  of  1-16  line  and  50 
feet  west  of  center.   Depth  275  feet.   A.  T.  OCO.   Chappell's  well. 

This  well  is  slightly  salty,  and  used  to  flow,  but  the  casing  burst  and  the  water 
leaked  into  the  old  mine.  In  Jan..  1S9S,  the  leak  is  said  to  have  become  so  bad 
19-Pt.  1L 
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that  the  heads  of  all  the  other  flowing  wells  dropped.  It  seems  to  be  largely  re- 
sponsible for  the  drop  of  the  head  in  the  Napoleon. 

1100  N.,  1537  W.  N.  W.  corner  Union.  Mosner  s  hotel.  Flowing  well,  supplies  6  pipes, 
3  or  4  foot  head.  CI.  med.  T.  54°  F.  Depth  29S  feet.  An  analysis  lost  showed  FcjOj 
Na  CI..  S,  Mg.,  etc.   A.  T.  593. 

1160  N  ,  1420  W.,  S.  E.  of  N.  W.  Depth  304  to  3<')7  feet.  Owner,  C.  F.  Bach. 
Drilled  in  December  by  C.  Hofmeister.    Sp.  gr.,  1.003.  CI  med.    SOi  low.    A.  T.  59". 

Flowed  at  first,  but  has  ceased.  They  keep  pumping  it  night  and  day  by  a  wind 
mill. 

750  N.,  1800  W.   N.  W.  of  S.  W.   Depth  293  feet.   Sebewaing  Coal  Co.   A.  T.  593. 
Forms  a  white  scale  in  boiler.   Salt  and  iron  evident. 

1010  N.,  1400  W.    CI  med.    SO,  low.   Depth  160  to  170  ft.   A.  T.  596  feet.  Behind 
Likens'  store. 
700  W.  and  about  650  N.    A.  T.  610.    Bach's  well. 

Used  to  flow  but  stopped  when  the  Martini-Campbell  well  started. 
About  1200  N.,  1950  W.,  at  Stave  Mill.   Depth  115  feet.   A.  T.  593.   Liken  and 
Bach,  owners 
490  N.,  1460  W.    A.  T.  600. 
Original  coal  exploration. 
490  N.,  1375  W.    Depth  86  feet.    A.  T.  600. 

Original  shaft  86  feet  to  bottom  of  coal  passing  through  boulders  of  sandstone. 
On  Chappell's  land.   Depth  to  rock  50  feet,  total  depth  112  ft.  3  in.   A.  T.  596. 
J.  C.  Liken's  well  No.  10.    Record  as  follows: 

Thickness.  Depth. 

Clav    50 

Sandstrine    10  60 

Hardpan  and  gravel    2  62 

Sandstone    13  75 

Light  shale    7  82 

Slate    23'  7"  105'  7" 

Coal    J'  5"  110 

Fireclay    2'  3"  112'  7" 

Section  9. 

1350  N.,  1400  W.    Depth  70  feet  (120).    A.  T.  607. 

Used  to  flow  but  has  not  flowed  since  iSS9.  It  was  later  deepened  in  testing  for 
coal,  but  we  have  no  record  of  it;  onlv  a  few  inches  of  coal  at  most,  were  found. 

50  N..  1900  W.  CI  tr.  SO,  med.  Depth  160  to  ISO  feet.  A.  T.  607.  Driller  J.  C. 
Russell,  for  Graves.    Cf.  Sec.  1. 

Section  10. 

50  N.,  1680  W.   Depth  164  feet.    CI  tr.  SOi  trace.   A.  T.  620. 

This  well  is  In  blue  stone  not  sandstone,  but  of  a  pale  ash  blue  color.  Water 
at  64  feet  and  rose  to  within  9  feet  of  surface  at  first,  at  164  feet  depth  rose  to 
within  7  feet  of  the  surface.   Now  (1S%)  it  is  lower. 

50  N.,  1200  W.  Depth  to  rock  60  feet,  total  depth  247  feet.  CI  low.  SOi  0;  at  ISO 
feet  water  rose  to  within  about  1  foot  of  surface.   A.  T.  622. 

Mainly  blue  rock  at  bottom,  50-60  feet  in  sand  rock. 

50  N.,  600  W.   CI   med.    SOi  trace,  stains  of  Fe.   Depth  490  feet.   A.  T.  624. 
Chas.  Voltz,  owner;  Chas.  Hofmeister,  driller. 

At  ISO  feet  water,  which  at  first  rose  to  within  2  or  3  feet  of  surface.  At  220 
feet  water  again;  got  red  rock  after  passing  through  sandstone  at  bottom. 

1950  N.,  460  W.  CI  low.  Depth  to  rock  80  feet,  total  depth  1S2  feet.  At  140  feet 
in  sandstone  as  much  water  as  it  ever  got. 

1850  N..  760  W.    A.  T.  620. 

Section  11. 

17S0  N.,  240  W.   CI   trace,  SO4  strong.   Depth  145  feet.   A.  T.  630. 

1950  N.,  1280  W.  CI  low,  SOi  strong.  Depth  to  rock  50  feet,  total  depth  172  feet. 
Water  at  57  feet  and  rises  to  IS  feet  below  surface.  This  well  is  cased  to  rock 
and  has  white  sandstone  at  the  bottom.  This  well  has  two  slightly  different 
records,  the  one  above  was  furnished  at  the  house,  the  one  below  from.  J.  Russell. 

J.  Russell,  driller.   Joseph  Gruen,  owner.     A.  T.  630. 

August  29.  1895. 

Thickness.  Depth. 

Red  clay    9 

Blue  clay    48  o( 

Hardpan  and  boulders    2  o9 

Sand  and  gravel    1  60 

Slate  or  soap  rock    4  64 


Deepened  June  26th,  1896. 
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Thickness.  Depth. 

Hard  dark  rock    6  70 

Slate  rock    14  84 

Hard  dark  rock    1  85 

Slate  rock    2  87 

Hard  dark  sandrock    4  91 

Black  sandrock    5  96 

Hard  flint  rock    2  98 

Sandrock    18  116 

Very  hard  rock    3  119 

Sandrock  (Napoleon)    51  170 

50  N.,  1240  W.,  CI   low,  SOi  strong.   A.  T.  630. 

Depth  2O0  feet,  about  SO  feet  of  casing.   E.  Rievert,  owner. 

50  N.,  820  W.  CI  lo~sv-.  SOi  med.  Depth  to  rock  about  70  feet,  total  depth  300.  A.  T. 
630.   D.  H.  Voltz,  owner. 

Sandstone  at  70  feet,  then  a  few  feet  of  soap  rock,  then  sandstone  the  rest  of 
the  way  to  300  feet.  (?) 

50  N..  320  W.,  CI  low.  SO4  med.  A.  T.  630.  Depth  about  96  feet.  This  well  Is 
cased  for  58  feet.  Cost  (50c  a  foot  for  first  50  feet,  $1  a  foot  thereafter)  +  $29  for 
casing  =  $100.   Caleb  Voltz,  owner.   C.  Hofmeister,  driller. 

120  N.,  50  W.   CI  low.  SO4  strong.   Depth  to  rock  1S2  feet. 

1240  N.,  1950  W.    Depth  60  feet.    A.  T.  630. 

Water  is  said  to  have  been  struck  just  on  top  of  rock,  but  the  well  is  filled  up. 
W.  Kuehn,  owner. 

N.  E.  of  N.  W.  ?  A.  T.  630.    C.  Finkbeiner.  owner.   J.  Russell,  driller.   Aug.  13,  1895, 

Thickness.  Depth. 

Red  clay    14 

Blue   clay    43  57 

Hard  pan    8  65 

Slate  or  soaprock    9  74 

Very  hard  lime  and  sandrock  -.   20  94 

Sandrock    16  110 

Very  hard  rock    2  112 

Water  sandrock    16  128 

Section  12. 

1950  N.,  1760  W.   Depth  128  feet.   A.  T.  630. 

1500  N.,  50  W.   CI  low.  SOi  trace.   A.  T.  630.   Depth  90  feet. 

680  N.,  50  W.   Depth  86  or  200  feet.   A.  T.  630. 

Section  14. 

1950  N.,  1580  W.   CI   trace,  SO*  strong.   A.  T.  about  630.   A.  Voltz. 

50  N.,  16S0  W.  CI  trace,  SO«  med.  A.  T.  about  632.  Depth  to  rock  90,  total  depth 
268  feet.   At  first  in  soaprock,  then  harder  rock  and  sandstone. 

50  N.,  1360  W.  CI  trace,  SOi  med.  Depth  to  rock  SO,  total  depth  296  feet.  A.  T.  632. 
This  well  is  cased  for  SO  feet. 

50  N.,  700  W.,  CI  trace,  SOt  strong.   Depth  150  feet.   Bauer,  owner.   A.  T.  632. 

Section  15. 

1850  N.,  1950  W.  CI  low  SOj  trace.  Depth  to  rock  70  feet,  74  casing,  total  depth 
216  feet.    A.  T.  620. 

Riever  and  Studer's  cider  mill.  C.  Hofmeister.  driller.  From  69  to  80  feet  this 
well  passed  through  buff  limestone,  from  SO  to  105  feet  green  calcareous  shale.  No 
coal  was  found,  and  it  did  not  go  down  to  sandstone. 

When  the  water  in  this  well  is  roily  rain  is  expected  in  24  hours. 

1950  N.,  200  W.  CI  low,  SOA  A.  T.  625.  Depth  to  rock  84  feet,  total  depth  200 
feet.  John  Adams,  owner.  No  more  water  than  a  second  well  has  at  107  feet. 
About  4  feet  in  sandrock. 

400  N.,  1950  W.   Total  depth  135  feet.    CI   low,  SOi  med.   A.  T.  622. 

Water  level  24  feet  below  surface.  This  well  is  cased  for  100  feet,  gas  pipe  is 
used  for  70  feet. 

670  N.,  1950  W.   Sd.  Wt.  1.003,  CI    low,  SOi  med.   Ruppert  and  Sanders  owners. 
Drilled  by  J.  Russell. 
This  well  was  150  feet  deep,  afterwards  deepened  to  200  feet. 

Section  16. 

1950  N.,  520  W.  CI  low.    Total  depth  260  feet. 

400  N.,  50  W.  CI  low,  SOi  med.  A.  T.  625.  Depth  to  rock  73  feet,  total  depth  126 
feet.   There  is  said  to  be  about  2  in.  of  coal  in  this  well. 

650  N.,  50  W.  Sp.  Wt.  1.004  CI  strong,  SOt  trace.  A.  T.  624.  Depth  to  rock  72 
feet,  total  depth  350  feet.  This  well  goes  through  sandrock  to  red  paint  rock.  Soft 
water,  which  stood  at  first  4  ft.  3  in.  below  the  surface  afterwards  fell  to  20  feet 
below  the  surface. 

Section  17. 

Wi^  of  N.  W.  %,  on  land  of  Henry  Liken.  .Jr..  Sebewaing.  No.  3  test  well  for 
Saginaw  Bay  Coal  Company.  A.  T.  600.  Total  depth  82  feet  1  inch.  Record  as. 
follows: 
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Thickness.  Depth. 

Sand    3 

Clay                                                           1)2  55 

Hardpan                                                      4  59 

Hard  sandrock                                            5  64 

Light  slate    1.3  .  77 

Black  slate                                                  2  79 

Coal   :                                                 2'  10"  81'  10" 

Reddish  slate                                                   3"  82'  1" 

N.  %  of  N.  W.  14,  on  Beck's  land,  Sebewaing.  Xo.  2  test  well  for  Saginaw  Bay 
Coal  Company.   Total  depth  S4  feet.   Record  as  follows:   A.  T.  (WO. 

Thickness.  Depth. 

Clay    65 

Hardoan                                                      7  72' 

Black  slate                                                 8'  S"  80'  8 

Sulphur  and  iron                                           8"  81'  4" 

Coal                                                             2'  83'  4" 

Sandy  fire  clay                                                8"  84 

S.  E.  Vi  of  N.  W.  ^4  on  Schilling's  place.   Records  from  J.  C.  Liken. 

No.  1. 

Thickness.  Depth. 

Clay    60 

Hardpan                                                       7  67 

Rotten   shale                                                  IV2  68% 

Slate                                                           13  81% 

Coal                                                                 4'  5"  85'  11" 

No.  2. 

Thickness.  Depth. 

Clay    C2 

2  tt.  gravel  at  40  ft. 
68  ft.  to  sandstone. 

Sandstone                                                   10  78 

Shale                                                               4  82 

Slate                                                           13  95 

Coal                                                             4'  7"  99'  7" 

N.  W.  %.  Sebewaing  Mining  Company.  J.  Russell,  driller.  Record  as  follows: 
(Note  the  greater  depth  to  rock.) 

Thickness.  Depth. 

Clav    59 

Hardpan                                                     2  61 

Sand  and  gravel                                           3  64 

Hardpan                                                     11  75 

Large  boulders    76% 

Slate  and  sand  mixed                              12'^-  90 

Black  slate                                               12'  1"  102*  1" 

Coal                                                             4  2"  106'  3" 

Rotten  slate                                                 1  107'  3" 

Section  18. 

900  N.,  600  Sp.  Gr.  1.005.  CI  strong.  SO*  med.  Depth  300  feet.  A.  T.  590.  Record 
below.   "Well  at  the  Saginaw  Bay  mine,  record  below  by  J.  Russell. 

Thickness.  Depth. 

Sand                                                            8  ] 

Clay  and  dry  quicksand                                 12  20  i  pi.,„f„„„__ 

Blue  clay                                                     28  |>  Pleistocene 

Boulders                                                          5  53  J 

Sandrock                                                     38  91  i 

Cave  in  of  slate                                            21  112 1 

Slate,  soft                                                               6  f-  mea^irP^ 

Fireclay                                                       6  124  |  measures. 

Sandrock                                                     10  134  J 

Sand  and  slate  mixed                                   TO  2041  rrnr><i 

Dark  limerock                                              19  223  i      r  "fit 

Soap  limerock                                               7         .  230  i  ^^P'°f 

Hard  Umerock                                              17  847  J  ^"^""P 

Hard  sand  rock                                             4  251  ) 

Fine  sand  rock                                               13  261  -Marshall 

Slate  rock                                                    1  265  1 

N.  E.  %.   A.  T.  590. 

No.  1  test  well  for  Saginaw  Bay  Coal  Co. 
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Thickness. 

Sand    4 

Clay    55 

Hardpan    6 

Light  slate    6 

Sandy  fireclay    15 

Hard  black  rock    2 

Sandy  fireclay    19'  6" 

Hard  black  rock    5'  6" 

Water  sandrock    1'  6" 


Depth. 


107'  6" 
113 

114'  6" 


1900  N.,  1100  W.  CI  strong-,  SOi  med.  Fe  indications,  Sp.  Gr.  1.006.  Depth  284  (.384?) 
feet.  This  well  has  fine  flow  and  stands  on  the  edge  of  the  old  shore  about  4  feet 
above  lake. 

1750  N.,  lOO  W.  Sp.  Gr.  1.007,  CI  strong,  SOi  med.  T.  52°  F.  Depth  to  rock  52 
feet,  total  depth  303  feet.   592  A.  T. 

This  well  had  a  strong  flow  4  feet  above  ground,  but  the  strength  of  flow  varies; 
with  the  weather.  It  was  deepened  22  feet  since  first  put  down,  vv^hich  did  not  im- 
prove the  flow. 

Thickness.  Depth. 

Clay    51 

Sand  and  gravel                                           1  52 

Loose  sandrock                                            2  54 

Hard  rock                                                      2  .56 

Dark  sandrock                                            IS  74 

Coal  about                                                   6  in.  74'  6" 

Sandrock                                                      1'  6"  76 

Slate                                                                6  82 

Coal                                                             3'  8"  85'  8" 

Bottom  slate                                                1'  4"  87 

Sandrock                                                     13  100 

Light  slate  or  sandy  fireclay                     96  196  Michigan 

Hard  dark  rock                                        24  220 

Slate                                                              20  240 

Hard  lime  rock                                           S  248 

Sand  rock   ^                 55  303  Napoleon 

sandstone 

About  16  feet  east  a  well  was  put  down  for  coal  and  found  none  where  this  found 
3  ft.  8  in.,  see  the  following  record: 

Thickness.  Depth 

Clay                                                               50  50 

Hardpan                                                          5  55 

Sandrock                                                    30  85 

Coal                                                             1  86 

Clay                                                            2  88 

Sandrock                                                    30  118 

Shale                                                               8  126'  6" 

1750  N.,  94  W.    On  the  Lutz  farm  N.  part  of  IS.    J.  C.  Liken's  farm.    A.  T.  590. 

No.  5. 

Thickness.  Depth. 

Clay    45 

Sandrock                                                    21  66 

Sticky  blue  shale                                            6  72 

Slate                                                          10  82 

Coal                                                                4'  4"  86'  4" 

Fireclay                                                        1'  6"  87'  10 

No.  6  on  same  farm. 

Thickness.  Depth. 

Clay    45 

Sandrock                                                      5  50 

Sand  and  gravel                                           20  70 

Shale                                                               3'  6"  73'  6" 

Coal                                                             2  75'  6" 

Hardpan                                                       2  78'  6" 

Sandstone                                                   21  100 


150 


HURON  COUNTY. 


No.  ♦  same  farm. 

Thickness.  Depth. 

Clay    43 

Sandstone                                                     9  52 

Shale  and  slate                                        10  68 

Coal                                                             1  63 

Hardpan                                                      8  71 

Slare                                                            S  79 

Coal                                                             3'  2"  S2'  2" 

Fireclay                                                       1  83'  2" 

Sandstone                                                     2'  4"  85'  6" 

1300  N.,  1000  W.  No.  5  test  well  for  Saginaw  Bay  Coal  Co.,  on  their  own  land. 
July,  1894.   J.  Russell,  driller. 

Thickness.  Depth. 

Sand    3 

Clay                                                            39  42 

Hardpan                                                       3  45 

Sand  rock                                                      26'  4"  71'  4" 

Coal  about                                                     5"  71'  9" 

Sand  rock                                                   8  79'  9" 

Slate                                                                6"  80'  3" 

Said  rock                                                    7'  1"  87'  4" 

Coal                                                             4  91'  4" 

Light  shale                                                     3"  91'  7" 

N.  E.  Vi  of  S.  E.  %.  No.  4  test  well  for  Saginaw  Bay  Coal  Co..  on  land  of  B. 
Engelhard,  Sebewaing. 

Thickness.  Depth. 

Sand    4 

Clay                                                            58  62 

Hardpan  and  gravel                                   10  72 

Sand  and  gravel                                         18  90 

Slate                                                            3  93 

Coal                                                                 2'  7"  95'  7" 

Bottom  slate                                                   5"  96 

1050  N.,  1000  W.  No.  10.  Depth  to  rock  45  feet,  total  depth  79  feet  7  inches.  A.  T. 
586  (4.5  above  datum).  Record: 

Thickness.  Depth. 

Clay    43 

Sand  and  gravel                                          2  45 

Sandstone                                                   15  60 

Limestone                                                        6"  60'  6" 

Sandstone                                                     7'  67'  6" 

Slate                                                            1  68'  6" 

Sandstone                                                     6'  6"  75 

Slate                                                            1  76 

Coal                                                                 3'  7"  79'  7" 

1060  N.,  600  W.  No.  9.  Depth  to  rock  76  feet,  total  depth  90  feet  6  Inches.  A.  T. 
588  (6.3).  Record: 

Thickness.  Depth. 

Clay    45 

Sand  and  gravel                                          5  50 

Hardpan                                                     26  76 

Slate                                                           11  87 

Coal                                                             3'  6"  90'  6" 

940  N.,  0  W.  No.  13.  Depth  to  rock  64  feet,  total  depth  S6  feet  5  inches.  A.  T.  598 
(16.7).  Record: 

Thickness.  Depth. 

Clay    63 

Sand  and  gravel                                           1  64 

Sandstone                                                   17'  4"  81'  4" 

Slate                                                                1  82'  4" 

Coal                                                             4'  1"  86'  6" 

500  N.,  750  W.   No.  14.   Total  depth  163.   A.  T.  585  (12.6). 

90  N.,  1040  "W.  No.  12.  Depth  to  rock  58  feet,  total  depth  118  feet.  A.  T.  592  (9.7). 
Record: 

<                                Thickness.  Depth. 

Clay    58 

Sandstone                                                   42        .  100 

Slate   .■  • .   14'  3"  114'  3" 

Coal                                                             3'  9"  118 
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Section  20. 

900  N.,  3250  W.   A.  T.  620.   Chas.  Winter,  owner. 

Thickness.  Depth. 

....  74 

...  45  119 

....  30  149 

....  67  216 

Section  21. 

900  N.,  50  W..  CI  med.  +.  SO,  med.    A.  T.  620.    Depth  180  feet  +. 
1460  N.,  50  W.,  CI  low,  SO4  med.    A.  T.  620.    Total  depth  230. 

980  N.,  50  W.,  CI  low,  SO,  med.  A.  T.  G20.  Depth  to  rock  100  ft.  Total  depth  19.3 
feet.   This  well  has  4  in.  casing  for  60  feet,  and  3  in.  casing  for  100  feet. 

800  N.,  1950  W.  CI  strong,  SOj  strong.  Sp.  Wt.  1.003.  A.  T.  620.  80  feet  to  rock, 
total  depth  367  feet. 

This  well  is  cased  to  rock.  The  water  becomes  more  brackish  after  pumping. 
(Cathartic  on  harvesters  unused  to  it.) 

1950  N..  160  W.  SOi  low,  CI  med.  +,  Sp.  Wt.  1.002.  Depth  to  rock  86  feet,  total 
depth  270  feet. 

At  first  the  water  in  this  well  rose  to  within  18  feet  of  surface.  The  first  rock  is 
sandstone,  20  feet,  then  some  coal,  then  soaprock,  and  then  the  sandstone  whence 
the  water  came. 

50  N.,  420  W.  CI  low,  SO4  med.  A.  T.  C20.  Depth  to  rock  72  feet,  total  depth  283 
feet. 

The  water  in  this  well  rose  to  within  22  in.  of  the  surface.   This  well  has  about 
70  feet  of  white  sandstone,  Napoleon,  at  the  bottom. 
50  N.,  1640  W.    CI  0.  SO,  med.    A,  T.  C20  feet.    Depth  100  feet  +. 
This  well  flowed  at  first,  now  the  water  stands  20  feet  below  the  surface. 

Section  22. 

50  N.,  300  W.  CI  0,  SO.,  low.    A.  T.  63'\    Depth  168  feet.    John  Sting,  owner. 
.300  N.,  1100  W.    A.  T.  626.    Depth  to  rock  66,  total  depth  103  feet. 

This  well  had  66  feet  of  surface,  of  which  the  bottom,  35  feet,  was  "putty"  clay, 
then  6  feet  of  hardpan,  1  foot  as  hard  as  emery.  (?)  about  6  in.  limestone,  with  a 
spring  between  limestone  and  sandstone,  then  32  feet  sandstone  and  soaprock. 

300  N.,  1200  W.  CI  trace,  SO4  med.  A.  T.  626.  Depth  to  rock  70  feet,  total  depth 
124.   This  well  ends  in  ,3  feet  hard  rock,  then  3      feet  sandstone. 

1240  N.,  1800  W.  CI  low.  SO*  low.  A.  T.  620.  Depth  to  rock  60  feet,  total  depth 
about  200  feet.  Shell  rock  hard  as  flint  over  the  last  20  feet  of  sandstone,  very 
little  soap  rock. 

1460  N.,  1950  W.  CI  low.  SO4  med.  A.  T.  620.  Total  depth  about  400  feet.  A.  Bach, 
owner. 

Section  23. 

19.50  N.,  1360  W.   CI  trace,  SO4  med.   A.  T.  633.   Total  depth  about  200  feet. 
560  N.,  1950  W.  CI  0,  SO4  med.   A.  T.  about  635. 

Section  2G. 

1300  N.,  19.50  W.  CI  trace,  SO4  med.  A.  T.  632.  Total  depth  lOO.  This  well  used 
to  flow.    All  around  this  neighborhood  it  is  lOO  to  115  feet  to"  water. 

Section  27. 

19.50  N..  200  W.  CI  0.  SO4  med.  A.  T.  630.  Depth  to  rock  60  feet,  total  depth  205 
feet.   This  well  is  cased  for  60  feet. 

1950  N.,  900  W.,  CI  trace,  SOi  med.  +,  A.  T.  629.  Depth  to  rock  74  feet,  total  depth 
168  feet. 

1400  N.,  19.50  W.    CI  low,  SO4  low.    A.  T.  625.    Total  depth  140  feet.    When  the  wind 
is  from  the  west  the  water  is  taid  to  be  cloudy. 
50  N.,  540  W.   A.  T.  630.   Total  depth  95  feet.   This  well  is  not  flowing. 

Section  28. 

19.30  N.,  700  W.  CI  low,  SO*  med.  Depth  of  casing  95  feet,  total  depth  227.  A.  T. 
620. 

1950  N.,  100  W.  CI  0,  SO4  med. 

200  N.,  1950  W.   CI    trace,  SO4  trace.   Depth  to  rock  50  feet,  (?)  total  depth  79. 
This  well  is  in  white  sandstone  and  is  cased  for  50  feet. 
740  N.,  1930  W.    CI  low,  SO4  low. 

1740  N.,  1950  W.    CI  low,  SO,  med.    Total  depth  294  feet. 
1120  N.,  50  W.   Old  mill  which  had  a  drilled  well. 

Section  29. 

1950  N.,  260  W.  SO4  strong,  CI  med.  +,  Sp.  Wt.  1.003.  Depth  to  rock  140  feet,(?) 
total  depth  228  feet.  A.  T.  about  620  feet.  Water  was  struck  at  200  feet.  This  well 
used  to  flow  and  is  cased  for  140  feet,— is  evidently  in  the  channel. 

1800  N.,  1950  W.   Depth  to  rock  150  feet,  total  depth  260.   Owner,  F.  Becker. 


Clay   

Sand  and  gravel   

Fine  sand  rock   

Lime  and  dark  sand  rock 
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720  N.,  1950  W.  Sp.  Wt.  1.008.  CI  strong:.  SO4  strong.  A.  T.  620.  Depth  to  rock 
140  feet,  total  depth  300  feet.  Geo.  Hofmeister.  The  water  rose  more  than  10  feet 
above  ground  until  the  coal  mines  began  to  work.  Good  water  was  found  at  180 
to  200  feet,  then  became  salty. 

500  N.,  1460  W.  CI  low,  SO,  low.  A.  T.  620.  Depth  to  rock  128  feet,  total  depth 
266  feet.  A.  Armbruster.  owner.  This  well  was  cased  for  128  feet.  Some  coal  was 
found  in  it  but  mostly  hard  rock  or  sandstone. 

420  N.,  50  W.  CI  low,  SOi  low.  A.  T.  620.  This  well  was  cased  for  67  feet  and  is 
SO  feet  deep. 

740  N.,  50  W.  CI  tr.,  SO,  trace.  A.  T.  C20.  This  well  Is  136  feet  deep  and  a  trace 
of  coal  was  found  in  the  sandstone. 

1500  N.,  50  W.  CI  low  +,  SO,  med.  A.  T.  620.  Depth  to  rock  70  feet,  total  depth 
105  feet..   This  well  "showed  coal." 

Section  30. 

750  N.,  150  W.  A.  T.  620.  Owner.  H.  Irion;  Chas.  J.  Hofmeister.  Jr.,  driller.  This 
well  cost  50c  a  foot  (5°,  off  for  cash),  and  35c  for  casing. 

The  water  is  quite  hard  and  can  be  lowered,  by  pumping,  to  23  ft.  below  surface. 
It  rose  at  first  to  14  feet  below  surface,  and  is  used  for  house  and  cattle. 

RECORD  FROM  SAMPLES  OF  DRILLINGS. 


Feet. 

Struck  quicksand  at    23 

Blue  clay    32  to  .50 

Quicksand  and  gravel    50  to  150 

Rock  at    150 

Mainly  sand  (this  is  doubtless  sand  and  the 

next  is  dolomite)    160  to  164 

Impure  sand,  angular,  dolomitic    164  to  166 

Arenaceous   dolomite,  pyritiferous   with  speck 

of  feldspar    166  to  180 

Clean  gray  quartz,  sandstone   :..  ISS  to  191 


350  N..  1000  W.  Sp.  Wt.  1.00.3.  CI  med.  +,  SO,  strong.  Depth  to  rock  95  feet,  total 
depth  202  feet.   This  well  used  to  flow. 

Section  31. 

300  N..  1930  W.  No.  1.  Brackish.  SO,  strong.  Sp.  Wt.  1.007.  Depth  about  m  feet. 
No.  2.  said  to  have  been  not  salty  originally.  It  is  now  stopped  up.  Depth  about 
1.50  feet. 

Section  32. 

640  N.,  1950  W.  CI  tr..  SO,  low.  A.  T.  620.  Depth  150  feet.  This  well  is  cased  for 
120  feet. 

1460  W.,  1950  W.   CI    low.  SO,  low.   A.  T.  620.    Depth  165  to  175  feet,  cased  for 
140  feet.    The  rock  is  said  to  be  mainlv  hard  stuff,  probably  limestone. 
1400  N.,  50  W.   A.  T.  620.   Depth  125  feet. 

1600  N.,  50  W.  A.  T.  620.  Depth  to  rock  64  feet,  total  depth  135  feet.  This  is  a 
flowing  well.    T.  51V2°  F. 

140  W.,  50  N.  Depth  to  rock  73  feet,  total  depth  118  feet.  Strong  flow  five  feet 
above  ground. 

Section  33. 

1800  N.,  880  W.  CI  tr.  SO,  low.  A.  T.  about  623.  Depth  to  rock  73-f-  feet,  total 
depth  105  feet.  This  well  was  at  first  drilled  to  81  to  85  feet  and  afterwards  deep- 
ened 20  feet.   It  was  8  feet  in  sandstone  at  first.   Flowing  well.  T.  50'/2°. 

1950  N.,  1320  W.  CI  low,  SO,  trace.  Depth  105  feet.  The  temperature  of  flow  is 
52°  F. 

1780  N.,  50  W.  Depth  72  feet.  A.  T.  627  feef.  This  well  is  drilled  and  used  to 
flow. 

50  N.,  200  W.   Depth  72  feet.   Water  rose  to  within  three  feet  of  surface. 
50  N.,  720  W.   Depth  64  feet.   Water  rose  4  feet  above  surface. 
600  N.,  1930  W.    Depth  96  feet,  cased  61  feet.   Water  tastes  free  from  mineral. 
800  N.,  1950  W.   Depth  126  feet. 

Section  34. 

50  N.,  1160  W.  CI  0.  SO,.  Fred  Sting,  owner.  A.  T.  629.  This  well  was  sunk  59 
to  60  feet  in  quicksand,  and  the  water  rose  2  feet  above  ground.   T.  54°  F. 

760  N.,  50  W.  CI  low,  SO,  med.  Depth  to  rock  SS  feet,  total  depth  205  feet. .  A.  T. 
632. 

1120  N.,  50  W.   CI   low,—  SO,  med.+   Depth  2S0  feet  (?). 

1720  N.,  50  W.   CI   trace.  SO,  trace.   Depth  to  rock  about  64  feet,  total  depth  ISS. 

1900  N.,  50  W.  CI  trace,  SO,  trace.  This  well  is  132  feet  deep,  cased  to  58  feet. 
Water  rose  to  10  feet  below  surface.   A.  T.  632  feet. 

30  N.,  260  W.    CI  trace.  SO,  low.   A.  T.  631.   This  well  is  more  than  100  feet  deep. 

170O  N.,  1950  W.    A.  T.  627.   Depth  of  well  75  feet.   This  well  used  to  flow. 

The  wells  of  this  section  are  divided  into  two  groups,  one  (a)  drawing  water 
from  the  subcarboniferous  limestone  at  from  5S  to  100  feet,  the  other  (b)  from  the 
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.    0  to 

18 

18  to 

60 

60  to 

62 

Upper  Grand  Rapids.. 

.  62  to 

86 

66  to 

72  to 

80 

80  to 

85 

85  to 

90 

Michigan  serips  or 

96  to 

100 

Lower  Grand  Rapids. 

.100  to 

105 

112  to 

120 

120  to 

125 

126  to 

128 

129  to 

130 

130  to 

132 

132  to 

136 

136  to 

140 

Napoleon  sandstone... 

.140  to 

145 

1.50  to 

160 

160  to 

167 

191  to 

192 

Napoleon  or  Upper  Marshall  sandstone  from  150  to  200  feet  down.  The  latter  pass 
through  dolomitic  shales  of  the  Michigan  Salt  Group  and  these  not  being  cased  off 
give  a  somewhat  gypsiferous  water. 

Section  35. 

400  N.,  1950  W.  Depth  to  rock  SO  feet,  total  depth  202  feet.  A.  T.  G32.  C.  J.  Hof- 
meister,  driller,  for  Christ  Deeg.  owner. 

900  N..  1950  W.  A.  T.  632.  Depth  to  rock  62  feet,  total  depth  192  feet.  Jacob 
Sting,  owner.   Cased  two  feet  in  rock  and  one  foot  above  ground. 

RECORD  FROM  SAMPLES. 

Hardpan. 
Blue  clay. 
Gravel. 

Yellow  dolomite. 
Greenish  grey  shale. 
|-  Grey  micaceous  sandstone. 

]  Dolomitic.  Shales  somewhat  pyritiferous  and  arena- 
(    ceous,  dull  grey. 


Somewhat  impure  calcareous  sandstone. 

Brookfield  township    (T.  15  N.,  E.  10  E.  L.). 

Section  1. 

50  N.,  540  W.  CI  low,  SO4  med.    A.  T.  649.    Total  depth  62  feet. 

Section  2. 

1950  N.,  660  W.    A.  T.  648.   Total  depth  ISo  feet. 

Section  3. 

1950  N.,  1320  W.  SOi  low.  CI  low.  A.  T.  64.5.  Depth  to  rock  135  feet,  total  depth 
235  feet.  Fritz  Matz,  owner:  driller,  W.  Smith.  Mainly  blue  clay  (sample  taken), 
chips  came  from  the  boring  at  130  feet. 

Section  5. 

1050  N.,  1900  W.  CI  low,  Sd  trace.  A.  T.  632.  Frank  Smith,  owner.  Depth 
138  feet. 

940  N..  1950  W.  CI  low,  SO,  mod.  Depth  122  feet.  L.  Wisner,  owner;  J  P.  Russell, 
driller.    Sept.  13,  '95. 

Thickness.  Depth. 

Red  clay   13    ) 

Blue  clay   52  65  -  Pleistocene. 

Hardpan  and  boulders                                                8  73  \ 

Sand  and  gravel                                                     2  75  "i 

Shell  slate                                                                 2  77  I 

Hard  slate   12  89 

Soap  rock                                                              3  92  | 

Hard  slate  rock                                                      6  98  ,' 

Dark  sandrock                                                             2  106  ;•  Grand  Rapids  group. 

Soap  rock                                                              2  108  | 

Hard  dark  sandrock                                                   2  110  | 

Soft  white  rock  (gypsum?)                                        5  115 

Very  hard  sand  rock                                                  2'6"  1!7'6"  I 

Water  sand  rock   12'6"  130  J 

Section  G. 

1000  N.  W.,  along  diagonal  road,  i,  e.,  707  N.,  707  W.  Trace  SO,,  Ca  low,  CI  med,, 
strong  Fe  taste.    Depth  to  rock  64.  total  depth  165  feet. 

Depth  127  feet.  George  Kundinger's  well,  Kilmanagh.  P  O.  drilled  bv  J.  Russell. 
July  15th,  IS'Jfi. 
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55 

3 

58 

4 

62 

4 

62 

67 

6 

73 

25 

98 

4 

102 

4 

106 

21 

127 

DRILLER'S  RECORD. 

Th 

Clay   

Hardpan   

Loose  dark  rock   

Hard  clay  rock   

Hard  dark  rock   

Hard  dark  rock   

Dark  lime  rock   

Sandy  fire  clay  

Hard  sand  rock   

Soft  sand  rock   

1000  N.,  1120  W.  SO4  medium,  Ca  medium,  01  strong-  trace.  A.  T.  632.  Total  depth 
65  feet,  a  few  feet  in  rock. 

.50  N..  12S0  W.  CI  low,  SO4  med.  Depth  to  rock  65  feet,  total  depth  65  feet.  Few 
feet  in  rock. 

950  N.,  1220         CI  trace,  SO,  strong.   Total  depth  65  to  70  feet. 

Section  7. 

YCn  X..  rcii  w.    CI  trace,  SO,  med.   A.  T.  6-30.   Total  depth  76  feet. 
1^2"  X..  1:^5"  W.    Total  depth  lOO  feet. 

N.  W.  of  X.  W.  Total  depth  140  feet.  CI  low,  SO*  trace.  Much  less  hard  than 
the  dug  well,  water  came  at  95  feet.  69  feet  of  casing-,  well  extends  about  20  feet 
in  grey  sandstone.    Owner.  A.  Dreher. 

6S0  N..  17i»  W.  CI  low.  SO,  trace.  At  about  SO  feet  first  water  was  struck,  it 
was  oloiidv  and  rose  to  five  feet  below  surface  and  was  verv  abundant.  Owner, 
Carl  Jahnke. 

350  N..  1950  W.  CI  trace.  SO,  med.  Water  at  SO  feet.  Total  depth  99  feet.  This 
well  does  not  reach  sand  rock,  but  is  in  blue  soap  rock. 

Section  8. 

lOW  N.,  900  W.,  1480  on  diagonal  road,  trace  SO,,  trace  Ca.  at  Cole's  saw  mill. 
CI  low.  Fe  preseni.  A.  T.  640.  This  well  has  about  S3  to  S5  feet  casing  and  is  160 
to  165  feet  deep. 

Section  10. 

SO,  strong,  Ca  med..  CI  low.  A.  T.  650.  Owner,  J.  D.  Durand.  Depth  to  rock 
41  feet,  total  51.   This  well  had  a  slight  flow. 

Section  11. 

so,,  light  trace  D.  Ca  trace,  CI  low.  A.  T.  651.  This  well  is  at  Owen's  farm 
house  and  is  ISO  feet  deep. 

Section  18. 

220  N.,  50  W.  CI  0,  SO,  0  D.  A.  T.  676.  Depth  about  30  feet  to  rock,  total  102%. 
The  well  passed  through  flintrock  first  and  then  mainly  sandrock.  There  was 
about  two  feet  of  rock  before  striking  water. 

210  N.,  40  E.  A.  T.  676.  Depth  about  64  feet.  This  well  went  about  64  feet  in 
surface  material  before  it  came  to  sandrock.  The  wells  are  near  by  and  belong 
to  the  same  owner. 

Section  14. 

About  1900  N..  1400  W.  Ca  low,  CI  low.  SO,  tr.  A.  T.  650.  Depth  170  feet.  Tem- 
perature 48°.  This  is  a  flowing  well  at  saw  mill.  Owendale.  but  the  pump  is  not 
working.    Same  data  also  apply  to  another  well  at  saw  mill. 

2000  N.,  1060  W.    SO,  trace,  Ca  low,  CI  medium.    A.  T.  6.50.    Well  at  hotel. 

660  N.,  950  W.    Depth  45  feet.   This  well  once  flowed,  and  had  4  foot  head. 

280  N.,  1050  W.  Depth  to  rock  56  feet,  total  depth  70  feet.  Owner,  Mrs.  Carver. 
This  well  is  in  hard  and  soft  blue  rock,  and  water  rose  close  to  the  surface. 

800  N.,  950  W.  A.  T.  655.    Depth  to  rock  38  feet,  total  depth  53  feet,  McArthur's  well. 

700  N..  1050  W.  A.  T.  655.  Depth  to  rock  40  feet,  total  depth  43  feet.  Owner.  S. 
Good.  This  well  is  in  soft  rock,  chips  were  struck  at  about  15  ft.  in  boring  well. 
The  water  is  good  for  washing. 

T.  Davis'  well  has  total  depth  of  107  ft.   Water  was  struck  at  70  feet. 

Section  15. 

200  N.,  1050  W.  Depth  to  rock  .54  feet.  Owner,  J.  Ross.  This  well  flows,  and  has 
a  five  foot  head. 

50  N.,  520  W.  Depth  33  feet.  A.  T.  644.  This  well  used  to  flow  and  had  IV2  foot 
head  at  first  but  stood  just  at  the  surface  in  the  fall  of  1S87.  The  water  is  hard. 
Owner,  F.  Carson. 

N.  W.  part  Shufeldt's.   Flowing  well. 

800  N.,  90O  W.  Total  depth  60  feet.  Flow  with  one  foot  head.  T.  Welch.  Struck 
in  gravel. 
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Section  21. 

J.  Finkel's  well  60  feet  deep,  struck  in  gravel  the  water. 

Section  22. 

1950  N.,  260  W.  A.  McKenzie's  well.  Dug  10  and  bored  40  more  feet,  flows.  Ca 
medium. 

Section  23. 

1250  N.,  1900  W.  Total  depth  60  feet.  Taylor's  well,  flows,  in  drilling  were  black 
lumps  like  coal. 

1160  N.,  1000  W  Depth  to  rock  47  feet,  total  depth  51  feet.  Sandstone  water.  This 
is  a  drilled  well.   A.  T.  613. 

Section  24. 

0  N.,  120  W.,  Sandstone  water.    This  is  a  drilled  well. 

Section  2G. 

720  N.,  720  W.    This  well  was  hanti  drilled  and  used  to  flow, 
1180  N.,  1000  W.   Depth  to  rock  50  feet,  total  depth  65  feet.   A.  T.  670. 
This  well  is  in  sandstone,  the  pipe  was  cut  three  feet  below  level  to  get  flow. 
680  N.,  1000  W.   A.  T.  675.   Trace  SOj,  tr  +  Ca    and  CI    Depth  to  rock  58  feet, 
total  62  feet. 

This  well  is  on  the  west  side  of  the  road.   It  used  to  flow  but  stopped  in  1894. 

Section  27. 

900  N.,  1000  W.  A.  T.  650.  Total  depth  about  60  feet.  This  is  sandstone  water. 
T.  51°  F.,  the  pipe  is  exposed  to  the  sun  for  4  feet. 

Section  33. 

50  N.,  50  "W.  A.  T.  656.  Baird  and  Prestage's  sawmill.  There  are  three  wells  on 
this  farm  and  they  all  flow.  (l.)Depth  to  rock  40  feet,  total  depth  90  feet.  (2.) 
Depth  to  rock  40  feet,  total  depth  44  feet.  (3.)  Depth  to  rock  40  feet,  total  depth  48 
feet. 

Section  34. 

50  N.,  400  W.  A.  T.  6.55.  Depth  to  rock  about  30  feet,  total  depth  about  60  feet. 
This  well  used  to  flow. 

50  N.,  1780  W.  Depth  to  rock  40  feet,  total  depth  60  feet.  This  well  used  to  flow 
with  a  six  foot  head  but  was  checked. 

2000  N.,  1000  W.  A.  T.  658.  This  is  sandstone  water  and  has  traces  of  Ca,  CI  and 
SO4.    T.  50°  F. 

Section  35. 

260  N.,  1000  W.  A.  T.  692.  This  well  was  drilled  in  sandstone,  the  depth  is  un- 
known.  The  water  has  traces  of  Ca,  CI  and  SOj. 

Section  36. 

1000  N.,  860  W.  A.  T.  710.  This  well  is  in  sandstone  water.  This  is  a  drilled  well 
on  top  of  gravel  beach. 

1950  N.,  130O  W.  A.  T.  693.  This  well  was  drilled  near  the  front  of  a  dissected 
terrace  of  gravel  and  sand  and  had  only  a  little  oily  water. 

Grant  Township  (T.  16  N.,  R.  IL  E.). 
Section  1. 

1200  N.,  2000  W.   Total  depth  13  feet.    This  is  a  surface  well  and  there  is  plenty  of 
water  in  the  hollow.    A.  T.  782  feet. 
S.  W.  of  S.  E.   Total  depth  about  45  feet. 

10  N.,  50  W.  CI  low,  Ca  low,  SO,  0.  Depth  to  rock  S5V2  feet,  total  depth  ^S^/i 
feet.  A.  T.  697.  There,  is  V2  toot  of  bluish  rock  at  the  bottom.  The  water  rose  to 
five  feet  from  surface. 

Section  6. 

50  N.,  50  W.   Total  depth  46  feet.   A.  T.  660  feet.   This  well  was  bored. 
50  N.,  1280  W.   Total  depth  11  feet.   A.  T.  660. 
Near  N.  E.  corner.   A.  T.  650. 

Lead  is  said  to  have  been  found  at  65  feet,  but  I  doubt  it.  Cf.  Henning's  ex- 
plorations there  later.  This  shows  the  rumor  on  which  he  probably  went.  Chas. 
Henning's  explorations  were  on  E.  %  of  N.  E.       first  in  slate. 

1400  N.,  1950  W.   These  are  surface  wells. 

80  N.,  1950  W.   A.  T.  650.   Total  depth  20  feet.   This  is  a  surface  well. 
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Section  7. 

220  N.,  1930  W.  A.  T.  660.  Depth  to  rock  35  feet,  total  depth  36V4  feet.  This  well 
is  in  sandstone.  The  water  contains  traces  of  SO,,  Ca  and  CI  George  Zimiker, 
owner. 

A.  T.  60S.  Jay  M.  Burgess,  owner.  Depth  to  rock  42  to  52  feet,  total  depth  about 
70  feet.  Water  was  struck  in  this  well  at  about  45  to  50  feet  and  flowed  eight  gal- 
lons an  hour,  but  has  since  decreased  and  nearly  stops  flowing  during  northerly  or 
northeasterly  winds. 

Shodwell  and  others  say  this  well  has  not  reached  rock. 

Section  8. 

50  N..  1.300  W.  Depth  to  rock  60  feet,  total  depth  TO  feet.  A.  T.  710.  This  well  is  in 
white  sandstone.   J.  King,  owner. 

Section  11. 

50  N..  860  W.    Depth  to  rock  59  to  60  feet,  total  depth  120  feet.   A.  T.  730. 

Aaron  Endersby.  owner.  The  water  in  this  well  stands  about  15  feet  below 
ground.  The  well  is  cased  43  feet  3  inches  through  quicksand,  then  16  feet  2  inches 
more  casing  and  below  this  is  a  bluish  whetstone. 

Around  the  N.  W.  corner  of  this  section  wells  are  about  8  to  11  feet  deep. 

Section  13. 

X.  E.  14.  Total  depth  35  feet.  A.  T.  702.  This  well  is  probably  not  to  rock.  D. 
McPhail,  owner. 

Section  16. 

30(1  N.,  50  TV.  SO,  low.  Ca  low.  CI  none.  Depth  to  rock  60  feet  (40  or  100  feet  ?)  total, 
210  feet.  A.  T.  647.  The  water  rose  to  4  feet  below  surface,  and  is  sometimes  muddy. 
The  following  record  is  from  memory  by  J.  H.  Haxe: 

60  feet  surface. 

At  60  feet,  fine  flow  of  water,  but  in  quicksand. 
40  feet,  sandstone. 

40  feet,  limestone  hard  and  disturbed.  The  balance  is  grey  grindstone  with  last 
ten  feet  in  a  soft  sandstone  holding  a  fine  second  vein  of  water. 

Section  17. 

1160  N..  50  W.  57  feet  to  rock,  total  depth  73  feet.  Mrs.  P.  Walsh,  owner.  (Put 
down  in  Oct.,  1S97.)   Record  as  follows: 


Clay   

  15 

Quicksand   

  20 

35 

Till,  "red  clay,  gravelly 

clay  and  hard- 

57 

61 

White  fiint   

621^ 

"Blue  liquid  paint  rook. 

"  i.  e.  soft  clay 

shale   

  l»i 

64 

Hardrock   

  9 

73 

In  some  respects  this  agrees  with  a  section  into  the  Bayport  limestone. 
Section  IS. 

320  X.  1J<5"  W.  CI  0.  SO,  0.  Depth  to  rock  62  feet,  total  depth  126  feet.  A.  T.  670. 
This  well  is  mostly  through  sandrock.  There  is  said  to  be  Z^/is  feet  of  "zinc"  (?). 
Miles  King  of  Elmwood.  driller. 

1950  N.,  6S0  W.  CI  0.  SO,  0.  A.  T.  670.  This  well  was  newly  drilled  in  1S96.  ap- 
parently all  through  sandstone. 

Section  22. 

0  N.,  13S0  W.  Ca.  med.,  CI  low.  D.  A.  T.  722.  Total  depth  50  feet.  This  is  a 
clay  water  and  comes  up  to  the  surface,  through  hardpan  3  or  4  feet  deep. 

Section  35. 

2000  N.  940  W.  Total  denth  60  feet.  This  is  a  drilled  well,  some  distance  into 
rock.  Wells  in  this  vicinity  are  bored  in  several  cases  to  about  35  feet  depth  in  clay 
and  gravel,  but  not  to  rock. 

Sheridan  To^vnship  (T.  15  X.,  E.  12  E.). 

In  a  large  part  of  this  township  wells  are  not  in  rock  as  there  are  numerous 
water-bearing  gravels. 

Section  1. 

1740  N..  50  W.    Depth  12  feet.    Shallow  like  all  around  here.   A.  T.  762. 


WELLS— BINGHAM  TOWNSHIP. 


157 


Section  8. 

300  N.,  1950  W.   Depth  16  feet,  plenty  of  water.   A.  T.  762. 

Section  6. 

550  N.,  3800  W.  Depth  20  feet  through  gravel,  etc.  Abundant  water.  A.  T.  764. 
Another  well  was  dug  12  feet  through  gravel  and  bored  35  feet. 

Section  8. 

1500  N.,  1800  W.  A.  T.  700.  Wells  around  here  ane  surface  wells  at  12  to  20  feet 
deep. 

Section  9. 

1380  N.,  50  W.   Depth  24  feet  through  gravelly  clay.   A.  T.  762. 

Section  10. 

580  N.,  1850  W.    Depth  27  feet  on  sandy  ridge  200  feet  broad.    A.  T.  770. 

Section  13. 

1720  N..  .50  W.    Depth  205  feet.    A.  T.  778. 

120  N.,  50  W.  Depth  to  rock  30  feet.  This  well  was  dug  15  feet  and  drilled  8  feet. 
It  flowed  too  much  and  thev  stopped  it  up.   A.  T.  780. 

1720  N.,  0  W.  Depth  to  rock  24  feet,  total  depth  .54  feet.  Ca  low.  CI  low.  SOi 
trace.  Kock,  b'ue  sandstone.  Sandstone  varies  from  surface  to  25  feet  below  surface 
in  this  neighborhood.    A.  T.  770. 

Section  24. 

540  N.,  50  W.    Depth  43  feet,  18  feet  dug,  the  rest  drilled.    A.  T.  796. 

Section  25. 

S.  W.  %.   A.  T.  780.   Depth  to  rock ^02  feet,  (?)  total  depth  102  feet. 

Section  35. 

0  N.,  780  W.  Depth  to  rock  less  than  73  feet,  total  depth  73  feet.  Ca  trace,  CI 
slight  trace.  A.  T.  791.   This  well  is  some  distance  in  rock. 

Section  36. 

1600  N.,  50  W.    Total  depth  52  feet.    Bored  but  not  to  rock. 

500  N.,  150  W.  SOt  none,  Ca  trace,  CI  slight  trace.  Depth  to  rock  60  feet,  total 
depth  93  feet.  A.  T.  761.  This  well  is  24  rods  west  of  road,  the  rock  is  very  hard  for 
3  or  4  feet,  then  very  soft  for  the  rest  of  the  way.   B.  Morrison,  owner. 

800  W.  0.  N.,  A.  T.  843  feet.  Depth  to  rock  90  feet,  total  depth  144  feet.  This  well 
is  mostly  through  sandstone  but  there  is  some  "soapstone"  (shale)  at  the  bottom. 

Bingham  Township  (T.  16  N.,  E.  13  E.). 

"Toward  Ubly  it  is  hilly  and  the  wells  are  100  feet  deep  on  the  hills." 

Section  2. 

1900  W.,  300  N.    Depth  to  rock  86  feet,  total  depth  91  feet.    A.  T.  844. 

The  water  rises  to  30  feet  below  the  surface  and  this  corresponds  to  the  differ- 
ence of  level  between  this  and  Harrison's  well  on  Sec.  3,  T.  15.  R.  13. 

E.  half  of  S.  E.  quarter.  Depth  to  rock  130  or  135  feet,  total  depth  140  to  141  feet. 
A.  T.  879. 

The  water  rises  81  feet  and  is  pumped  60  feet  with  force  pump.  T.  Rapson, 
driller;  Richard  Harrison,  owner.   Record  as  follows: 

Hardpan    20 

Blue  clay    60  80 

Mainly  quicksand    50  130 

Coarse  sandstone    10  140 

1420  N.,  50  W. 

50  N.,  50  W.   A.  T.  824.   Depth  about  25  feet. 

Section  8. 

School  house  well  85  to  108  feet  deep.  A.  T.  780.  Most  wells  around  here  are  115 
feet  deep. 

Section  9. 

0  N..  800  W.  Depth  to  rock  90  feet,  total  depth  95  ft.  A.  T.  831.  This  is  a 
drilled  well. 

Section  10. 

On  the  S.  E.  quarter  of  the  N.  E.  quarter  is  a  driven  well. 
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1950  N.,  SSa  W.   A.  T.  S62  feet.   Depth  to  rock  106.  total  depth  112. 

The  water  rises  to  65  feet  from  top.  If  the  water  has  the  same  head  as  at  Har- 
rison's 3-15-13,  this  well  has  about  equal  elevation,  and  this  appears  to  be  the 
case. 

Section  16. 

2000  N.  A.  T.  859.  Depth  to  rock  100  feet,  total  depth  124  feet.  John  Wilson, 
owner. 

Section  17. 

0  N.,  1900  W.  A.  T.  S02.  Depth  to  rock  probably  73  feet,  total  SO  feet.  This  well 
was  drilled. 

Section  18. 

1120  N.,  1900  W.  T&2  A.  T.  Not  IS  feet  deep.  Richard  Nugent,  near  a  marked  rise 
in  the  road. 

560  N.,  2000  W.  A.  T.  774.  Depth  to  rock  25  feet,  total  depth  35  feet.  Samuel 
Donaldson,  owner.   The  water  rose  to  within  two  or  three  feet  of  the  top. 

Section  19. 

2000  N.,  1260  W.   A.  T.  770.   Depth  2S  feet  to  rock  through  gravel. 
1360  N.,  1950  W.   A.  T.  772.   Depth  25  feet  to  rock. 

Section  20. 

0  N..  520  W.  A.  T.  864.  Depth  to  rock  110  feet,  total  depth  115  feet.  Owner,  J. 
Hagen. 

0  N.,  1210  W.  A.  T.  S64.  Depth  to  rock  about  100  feet,  total  depth  150  feet.  James 
Richardson,  owner. 

Section  21. 

2000  N.,  1520  W.  A.  T.  S20.  Total  depth  115.  This  well  is  20  rods  south  of  road  in 
rock  of  unknown  depth. 

Section  23. 

0  N.,  1340  W.  A.  T.  SOO.  SO«  none,  CI  none^  Ca  very  low,  Fe  perceptible  to 
taste.    Depth  to  rock  about  20  feet,  total  depth  <0  feet.   Owner,  Geo.  Baskin. 

Section  29. 

2000  N..  940  W.  A.  T.  S63.  Depth  to  rock  103  feet,  total  depth  150  feet.  John  Wurm, 
owner.   This  well  is  through  clay  to  rock. 

1000  N.,  2000  W.  A.  T.  560.  Depth  to  rock  90  feet,  total  depth  130  feet.  Thomas 
Richardson,  owner.  This  well  is  a  quarter  of  a  mile  south  of  the  north  and  south 
road. 

600  N.,  1900  W.  Depth  to  rock  120  feet,  total  depth  140  feet.  A.  T.  about  860.  R. 
Richardson,  owner. 

Section  30. 

10.50  N.,  50  W.  Depth  to  rock  100  feet,  total  depth  130  feet.  Robert  Donaldson, 
owner. 

Section  31. 

560  N.,  1700  W.    Depth  to  rock  about  102  feet,  total  depth  111  feet.   This  well  is  50 
rods  east  of  road.   A.  T.  865. 
1S60  N.,  1950  W.   Not  to  rock  though  50  feet  deep.   A.  T.  S.30. 
300  N.,  1950  W.   Total  depth  IW  feet,  probably  just  to  the  bed  rock. 

Paris  Township  (T.  15  X.,  E.  14  E.  D.). 

Section  1. 

400  E..  50  N.  of  S.  W.  corner.  A.  T.  768.  Total  depth  12  feet.  This  well  is  through 
sandstone  and  conglomerate  and  not  noticeably  salty. 

Sections  7  and  8. 

1000  N.,  near  quarter  post  between  the  sections.  A.  T.  792.  Depth  to  rock  50 
feet,  total  depth  60  feet.    This  well  is  drilled  through  sandstone. 

Section  11. 

740  W.,  im  N.  S.  E.  corner.  A.  T.  770.  John  Sinda.  owner.  Depth  to  rock  40 
feet,  total  depth  70  feet.  The  water  is  bad  and  is  said  to  be  black.  A  well  used  to 
flow  in  this  neighborhood.  \ 

Section  12. 

6S0  S.,  100  E.  N.  W.  corner.  A.  T.  770.  Depth  to  rock  30  feet.  Thomas  Loch,  owner. 
This  well  is  bored  through  78  feet  of  sandstone  and  the  water  is  not  noticeably 
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Section  13. 

100  N.,  50  W.  A.  T.  766.  Depth  to  rock  60  feet,  total  depth  6S  feet.  The  water  is 
salty. 

Section  16. 

720  W..  140  S..  N.  E.  corner.  A.  T.  800.  Depth  to  rock  65  feet,  total  95  feet.  This 
well  was  in  18fl6  being  drilled  through  sandstone  and  shale,  and  they  have  not  found 
water  vet.   John»  Oborski.  owner. 

11/2  mile  E.  of  S.  E.  corner  of  section  7.  No  rock  or  water  found.  Depth  li2  feet 
(the  same  well?).  * 

Section  20. 

1020  W..  2000  N.  SO4  low,  Ca  low.  CI  strong  (brackish).  Depth  to  rock  103  feet, 
total  depth  16S  feet.   Owner,  Arch.  Curry. 

Section  23. 

1990  N.,  19eO  W.  CI.  tned..  H.S  present  also.  A.  T.  784.  Depth  to  rock  80 
feet,  total  depth  1.50  feet.  The  water  has  a  nasty  sweet  taste  (from  decomposing 
pyrite?). 

Section  24. 

1990  N.,  ISM  W.   A.  T.  790.   This  is  a  mineral  well. 

Section  26. 

At  hotel  N.  W.  corner.  Depth  to  rock  90  feet,  total  depth  93  feet.  A.  T.  712. 
Owner,""  Zuiger. 

Section  29. 

1380  W.,  2000  N.  Depth  to  rock  100  feet,  total  depth  117  feet.  A.  T.  840.  Chas.  Mc- 
Millan, owner.   This  well  furnishes  a  good  supply  of  sandstone  water. 

Section  32. 

0  N.',  1240  W.   Total  depth  20  feet,  just  to  rock?.   A.  T.  795. 

Section  34. 

S.  W.  quarter.  Depth  to  rock  110  feet,  total  depth  114  feet.  A.  T.  880.  Owner,  W. 
Wilson.   This  well  is  through  sandstone. 

Section  36. 

The  general  range  of  rock  wells  here  is  from  40  to  70  feet. 

Sherman  Township  (T.  15  X.,  R.  15  K). 

Section  7. 

Lvel  wells  twenty  feet  deep  on  gravel  ridges  of  the 

I.  T.  ,.d6. 

Section  12. 

420  N..  140  E.  Total  depth  70  feet,  depth  to  rock  54  feet.  A.  T.  r.SO.  16  feet  through 
shale.  There  is  not  much  water  in  this  well  and  it  is  salty.  Martin  Hoeldke, 
owner. 

Section  30. 

S.  E.  quarter.  Total  depth  47  feet,  depth  to  rock  40  feet.  This  well  is  through 
sandstone  and  the  water  rose  to  surface.   Hipps,  owner. 

N.  E.  quarter.  Total  depth  162  feet,  depth  to  rock  114  feet.  A.  T.  790.  Witwer's 
Cheese  Factory.   This  well  is  through  shale. 

Section  31. 

N.  E.  quarter.  Depth  to  rock  55  feet,  total  depth  114  feet.  A.  T.  790.  The  water 
in  this  well  is  very  little  salty. 

Section  32. 

N.  W.  Vi,  N.  W.  14.  Depth  to  rock  60  feet,  total  depth  64  feet.  A.  T.  780.  Owner, 
Hanselman.   This  well  is  through  shale  and  the  water  is  salty. 

White  Roclc  Township  (T.  15  N.,  R.  16  E  ). 

Section  6. 

900  N.,  50  W.     A.  T.  610.   Total  depth  24  feet.   This  is  a  dug  well. 

Section  29. 
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1100  W..  SOO  X.  A.  T.  590.  Total  depth  56S  feet.  Owners  Thomson  and  Bro.  This 
well  is  abandoned.    See  brine  analysis  in  Chap.  VI.  |  4. 

600  N.,  110  W.  A.  T.  about  5*)  feet.  Owner.  W.  Thomson  and  Bro.  Total  depth 
1311.   See  above. 

The  exact  records  of  the  above  two  wells  cannot  be  disentangled,  for  the  works 
are  abandoned  and  the  references  to  them  do  not  serve  to  distinguish  them.  As  Dr. 
Rominger  saw  samples  down  to  700  feet  the  record  may  be  relied  upon  down  that 
far.*  In  his  report  the  d<rpth  of  one  well  is  variously  given  as  35.5.  566.  and  565  feet 
and  the  other  deeper  one  of  which  he  saw  the  samples  he  reports  as  700  feet  in 
depth.  It  was  probably  deepened  later,  for  a  note  of  Wright  gives  a  record  to 
1311  feet,  whence  we  may  derive  the  following  column: 

From  1  to  495  ("Rom.  about  450)  blue  shales  with  pyritiferous  sandy  streaks. 

From  495  to  555  (Rominger  about  100  feet  of  porous  gray  sandrock)  strong  and  pure 
brine,  as  analyzed.  SO;  at  45°  F.  Cor  according  to  Garrigues  in  Rom.  Ill,  1S4,  78.5°) 
brown  sandrock.  the  Berea  sandrock. 

From  555  to  TiXi  (Rominger  reports  only  blue  shales.   According  to  Wright. 

From  555  to  1311  are  alternating  strata  of  blue  shale  and  limestone,  shale  predom- 
inating 20  to  1.  From  60i)  to  610  feet  down  a  three  foot  stratum  of  gaseous  black 
shale  was  found,  which  is  in  the  right  place  for  the  Cleveland  shale.  (See  Chap.  II. 
§  S).  The  drill  must  have  gone  into  the  Traverse  (Hamilton)  group,  but  probably 
not  through  it  or  the  change  would  have  been  noticed.  Besides  according  to  the 
record  of  the  Harbor  Beach  well  it  is  not  due.  The  chances  are  that  this  well  stop- 
ped at  the  same  belt  of  "extremely  hard  rock."  found  at  1.4i»  ft.  at  Harbor  Beach, 
and  at  1.53  feet  in  an  Alpena  well,  which  may  be  the  Encrinal  limestone. 

Fairhareu  Township  (T.  16  X.,  E.  9  E.). 
Section  1. 

1340  X'.,  50  W,  Total  depth,  just  to  rock.  7  feet.   A.  T.  622. 
1000  N.,  50  W.   Total  depth  30  feet.   SO»  and  CI  low.   A.  T.  622. 

It  is  12  feet  to  rock  in  this  well  and  water  was  struck  at  13  feet  which  rises  just  to 
the  surface.  On  top  of  the  water  was  a  hard  scale  (limestone)  then  a  6  in.  cavity 
and  grindstone  below. 

620  N..  50  W.   Total  depth  33  feet,  depth  to  rock  11  feet.   A.  T.  622. 

The  first  11  feet  of  this  well  was  dug,  the  rest  was  drilled.  The  well  flows  every 
spring. 

50  N..  140  W.   A.  T.  612.   This  well  is  50  or  60  feet  deep  and  into  rock. 

Section  10. 

50  N..  5<)  W.  Total  depth  150  feet.  A.  T.  590.  Owner.  J.  D.  "Weeks.  This  is  a  flow- 
ing well  and  is  salty. 

Near  mouth  of  Shebeon.  Total  depth  130  feet,  cased  for  31  feet,  according  to  W. 
Hartmann.  driller.  This  well  was  drilled  mostly  through  soft  grey  rock,  with  an 
occasional  four  or  five  inch  seam  of  hard  stuff,  e.  g..  at  V2^^2  feet,  but  the  driller 
already  felt  the  springiness  of  the  water  underneath  and  urged  him  to  go  on.  When 
struck  water  rose  to  the  surface  in      a  minute. 

Section  11. 

30  N.,  1200  W.  Depth  40  to  45  feet.  This  well  used  to  flow  at  first,  according  to 
Bullock  the  following  was  passed  through: 

Limestone.  12  feet;  Blue  rock,  pyritiferous  zone  struck  at  IT  feet  here,  at  35  feet  on 
Sec.  14. 

Section  12. 

1900  X..  14J0  W.  CI  low.  SO.  low.  Depth  to  rock  63  feet,  total  depth  64  feet.  A.  T. 
622.  This  well  was  sunk  4S  feet  4  inches  before  reaching  rock,  then  10  inches  rock 
(boulder)  14  feet  quicksand,  1  foot  limerock. 

1050  N.,  50  W.  Depth  to  rock  30  or  36  feet,  total  depth  36  to  40  feet.  A.  T.  669.  H. 
Dewing,  owner.   Pump  used. 

50  X.,  50  W.  A.  T.  617.  Depth  to  rock  11  feet,  total  depth  33  feet.  Analyst,  D.  Fall 
of  Albion.   O.OOS  CI  per  thousand. 

Section  13. 

50  X..  9(X»  W.  Depth  to  rock  42  feet,  total  depth  50  feet.  A.  T.  61S.  Flowing  with 
21^  feet  head. 

50  X..  SOO  W.  Depth  to  rock  43  feet,  total  depth  56  feet.  A.  T.  61S.  Flowing  well 
with  2  feet  head.    SOt  med.   Sp.  Wt.  1.002. 

Thickness.  Total. 

Clay  and  gravel                                          31  31 

Rock                                                                3  34 

Blue  clay                                                       19  53 

Limestone                                                    3  56 

500  X.,  50  W.   Depth  to  rock  40  feet.    Total  variously  reported  as  150,  16t).  or  186 
feet.   A.  T.  622.   H.  Rather,  owner;  well  at  barn. 
SO,  very  strong.  CI  str..  Ca  str.    Sp.  Wt.  1.vm;i4.   Mr.  Webber  sent  for  this  water 
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to  Bay  Port  for  a  cathartic.  Dr.  J.  W.  Campbell  reports  it  to  have  a  powerful 
cathartic  effect  on  cattle.  Analysis  by  Prof.  Delos  Fall  of  Albion.  0.323  parts  CI 
per  thousand. 

(2)  At  house- 
Depth  to  rock  40  feet,  total  depth  50  feet.   SO4  not  so  strong  as  in  well  No.  1, 

Sp.  Wt.  1.002.   Water  rises  to  1%  feet  from  surface. 
860  N.,  720  W.    47  feet  casing  and  47  feet  deep.    A.  T.  616.    Temp,  of  flow  51%°.  CI  0. 
620  N..  700  W.   A.  T.  616.   Well  at  barn,  Temperature  of  flow  50°,  about  3  feet 

head.   Total  depth  45  feet. 
1160  N.,  50  W.   This  is  35  feet  deep  and  drilled.   A.  T.  621;  CI  low,  SOi  low.  Water 

about  1  foot  from  top. 
1700  N..  SO,0.    Total  depth  30  feet.    A.  T.  G20  feet.    Temperature  of  flow  49°  F. 

About  6  in.  above  ground. 

Section  14. 

W.  half  of  N.  E.  quarter  on  Tom  Snell's  80.  D.  Bullock,  driller.  This  well  was 
down  7  feet  at  9  A.  M.  Thursday,  June  11.  and  down  18  feet  on  Friday. 

1980  N.,  912  W.  Depth  45  feet.  It  is  said  that  lead  was  struck  in  this  well.  Cal- 
careous fossillferous  sandstone  is  the  surface  rock;  a  darker  limestone  comes 
next  underneath,  then  under  that  from  30  to  45  feet  is  blue  shale  with  more  or 
less  pyrite,  and  the  galena  (?)  The  chances  are  that  if  struck  this  was  a  mere 
nodule  in  the  shale. 

Section  15. 

280  N..  360  W.  Depth  33  feet  to  rock.  107  total.  A.  T.  597.  Collison's  well.  Land 
now  owned  by  J.  G.  Tarry.  D.  Bullock,  driller,  July  15.  1896.  Rock  was  struck  at 
31  feet,  then  blue  shale  with  cubes  of  pyrite,  at  about  51  to  52  feet  7  to  8  ft.  bed  of 
gypsum.    At  65  ft.  a  bed  of  pyrite.    July  21  report  with  samples. 

0  to  32  feet  hard  white  clay,  cased  37  feet. 

35  to  40,  gray  rock  (argillaceous  limestone  free  eff.). 

40  to  45,  gray  rock  with  pyrite  and  galena  at  45  gypsum  in  large  flakes.  (?) 

45  to  60.  said  to  be  gypsum.   Bullock  says  only  7  ft.  of  gypsum. 

60  to  65,  pyritiferous  shale  with  galena. 

69  to  73,  shale. 

73  to  85.  very  pyritiferous. 

83  to  107  fine  grained  dark  sandrock.  At  89  feet  the  water  rose  to  within  6  feet 
of  surface.   It  flows  from  the  bottom,  Sp.  Wt.  1.005,  SO4  strong. 

100  N.,  1260  W.  Depth  to  rock  25  to  30  feet,  total  depth  50  feet.  Water  rises  to 
six  feet  of  surface.   At  35  to  40  feet  there  is  said  to  be  lead. 

Section  21. 

50  N.,  320  W.  A.  T.  about  597.  This  well  is  18  feet  deep.  In  surface  deposits. 
George  Schack  is  said  to  have  found  a  piece  of  galena  in  digging  this  well. 

Section  22. 

1980  N.,  600  W.  Depth  to  rock  33  feet,  total  depth  GO  feet.  A.  T.  597.  Sp.  gr.  1.005, 
SOi  strong.  This  well  is  in  shale  and  soapstone  and  has  a  pyrite  galena  vein 
between  40  and  50  feet.(?) 

1800  N.,  SOO  W.  Depth  63  feet.  A.  T.  5S7.  The  water  in  this  well  rises  to  6  feet 
from  surface,  but  does  not  stand  pumping. 

(S.  W.  of  S.  W.)  100  N.,  1900  W.  Temperature  of  flow  SIV,".  A.  T.  597.  D.  Bul- 
lock's record  as  follows: 

0-52,  surface. 

52-58,  soap  rock,  etc. 

75,  mineral,  pyrite  and  galena. 

110-130,  brown  sandrock.  then  white  sandrock  following. 

They  say  at  the  house  they  have  but  52  feet  casing.   Thev  stop  in  white  gypsum 
rock  and  show  samples  of  gypsum.   SO4  tr.,  Ci  low. 
50  N..  1560  W.   A.  T.  597.   This  is  a  surface  well. 

450  N.,  1450  W.  Depth  50  to  70  feet.  A.  T.  597.  Well  at  schoolhouse.  "Flow  about 
1%  feet  above  the  surface;  in  the  winter  and  spring  gradually  growing  less.  A  north 
wind  increased  the  flow  and  an  east  wind  diminished  it."   Geo.  Kleaber. 

Section  23. 

N.  E.  of  S.  E.   30  W.   This  well  was  sunk  to  rock. 
1950  N.,  50  W.    Total  depth  12  feet.    A.  T.  60S. 

50  N.,  400  W.  CI  low,  SOi  str.  Total  depth  135  feet.  A.  T.  612.  Water  rises  to  8 
feet  from  surface.   Mrs.  Estman,  owner. 

100  N.,  100  W.  Depth  to  rock  50  feet,  total  depth  140  feet.  A.  T.  615.  Jacob  Brown, 
owner.  This  well  is  said  to  have  four  feet  of  black  coal,  cf.  Weiser's  well  on 
Sec.  26. 

Section  24. 

1950  N.,  900  W.  A.  T.  620.  Total  depth  55  feet.  The  water  rose  to  within  20  inches 
of  the  ground. 

1950  N.,  SOO  W.  Depth  to  rock  40  feet,  total  49.  A.  T.  620.  Water  rises  to  the  sur- 
face. 
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1950  N.,  1740  W.   A.  T.  618.    Depth  to  rock  7  to  8  feet,  total  depth  48  feet. 
480  N.,  50  W.   A.  T.  624.   This  is  a  shallow  surface  well. 
820  N.,  50  W.   A.  T.  623.    This  is  a  shallow  surface  well,  not  drilled. 
1280  N.,  50  W.   Total  depth  IS  feet.   A.  T.  618.   This  well  was  dug  in  summer  of 
1895. 

1620  N.,  50  W.   Total  depth  7  feet.   A.  T.  618.   There  is  said  to  be  a  spring  on  the 
east  side  of  the  place. 
In  W.  %  of  N.  W.  Vi  of  24. 
50  N.,  1900  W.    Depth  8  feet. 

Section  25. 

N.  E.  of  N.  W.  1900  N.,  CI  low,  SOt  strong.  Total  depth  78  feet.  A.  T.  622.  Anton 
Adams,  owner. 

1600  N.,  1950  W.    SOi  strong.   A.  T.  620.   Anton  Adams,  owner.   This  well  is  drilled. 

1260  N.,  1950  W.   CI  trace,  SO.  strong.   Total  depth  85  feet.   A.  T.  622. 

50  N.,  1840  W.  CI  low,  SO.  low.  Depth  to  rock  166.  A.  T.  626.  Owner,  J.  Fink- 
beiner.   This  well  was  drilled  12  years  ago  in  hard  rock. 

m  N.,  50  W.  CI  0,  SO,  strong.  Depth  to  rock  about  80  feet,  total  d-epth  175  feet. 
A.  T.  624.   Owner,  Buschlein.   Rock  was  found  at  40  or  50  feet,  but  it  shaled  off. 

680  N.,  50  W.   CI  low,  SOi  strong.   Depth  about  180  feet. 

Section  2G. 

400  N.,  1950  W.   Depth  to  rock  60  feet.   A.  T.  610.    Owner.  Wm.  Henry. 

1950  N.,  400  W.  CI  low,  SO,  strong.  Casing  4S  feet,  100  deep.  A.  T.  612.  Carl 
Weiser,  owner.   Blue  slate  (with  four  feet  of  black)  at  50  feet. 

1900  N.,  100  "VV.  Depth  to  rock  50  feet,  total  depth  148  feet.  A.  T.  620.  Own^r,  L,. 
Engler. 

1360  N.,  50  W.   Total  depth  10  feet.   A.  T.  020.   This  is  a  surface  well. 
900  N.,  50  W.   CI  low,  SO,  strong.   Total  depth  about  92  feet.   A.  T.  622.  George 
Davis,  hand  drilled. 

540  N.,  50  W.   CI  low,  SO,  strong.   A.  T.  626.   Depth  to  rock  66  feet,  total  depth  102. 
50  N.,  660  W.   Total  depth  8  feet.   A.  T.  620  feet.   Six  feet  of  clay  and  two  feet  of 
water  bearing  sand. 
(2)  Total  dPDth  18  feet. 

Section  27. 

1950  N.,  760  W.   A.  T.  610.   This  is  a  surface  well. 

Section  28. 

1950  N.,  520  W.  Depth  to  rock  60  feet,  total  depth  100  feet.  A.  T  530.  Temperature 
ot  flow  511/2°  F.  E.  Rose,  owner.  W.  Smith,  driller.  There  is  over  40  feet  of  cas- 
ing to  a  big  boulder,  then  small  casing  to  rock  at  60  feet.  The  mixed  drillings  show 
pyritiferous  shale  and  limestone. 

Section  33. 

1701  N..  100  W.  CI  med.  Depth  to  rock  46  feet,  total  depth  175  feet.  A.  T.  600. 
Owner,  Mrs.  Schuch.   Chas    Hofmeister,  driller.   Record  from  samples: 

From  To 

Brown  dolomite                                            48  52 

Blue  shale                                                  62  68 

Sandstone                                                  148  175 

640  N.,  940  W.    Total  depth  14  feet.    A.  T.  609. 

140O  N.,  1800  W.  CI  med.,  SO,  low.  Depth  to  rock  51  feet,  total  depth  205  feet. 
A.  T.  610.   Owner,  J.  Haffner;  driller,  Bullock. 

From  To 

Blue  shale  looks  like  a  good  clay              53  85 

Dolomite  and  shale                                    85  100 

Blue  shale                                                100  117 

Impure  pyritiferous  limestone                  117  124 

Pyritiferous  limestone                               125  132 

White  sandstone  with  pyrite.  Napoleon 

sandstone                                              133  205 

Section  3.5. 

50  N  1900  W  A.  T.  630.  CI  low.  SO,  trace.  Depth  to  rock  about  SO  feet,  total 
depth  lie" feet.    Sample  at  75  feet  was  pyritiferous  shale.   Driller's  record: 

Thickness.  Total. 

Clay  surface    fiO 

Loose  lime  rock    5  6o 

Soap  rock  (i.  e.,  calcareous  shale  with 

pyrite)    '3  SS 

Verv  hard  dark  rock    4  92 

Sandrock    24  116 
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16-10  N.,  1950  W.  SO.,  low,  CI  low.  Casing  64  feet.  Total  depth  about  150  feet. 
A.  T.  612.   Owner,  August  Rehbein.    Record  by  J.  Russell: 

Thickness.  Total. 


Clay    49 

Haidpan    5  54 

Dark  lime  rock   6  60 

Slate  rock    2  62 

Lime  rock    2  64 

Soap   rock    16  80 

Hard  lime  rock    2  S2 

Slate  rock    7  89 

Hard  sand  rock    3  92 

Fine  sand  rock    26  118 

Dark  lime  rock    4  122 

White  sand  rock  (Napoleon)    21  143 


Section  36. 

1440  N..  50  \V.  A.  T.  630.  SOj  low,  CI  low.  Depth  to  rock  60  feet,  total  depth  154 
feet.  S.  Stahl.  owner,  of  Bay  Port. 

50  N.,  1760  W.  CI  low,  SO4  strong.  Depth  to  rock  50  to  55  feet,  80  to  90  feet  of 
casing,'  total  depth  136  feet.  A.  T.  630.  This  well  passed  through  various  kinds  of 
rock,  mainlv  soap  rock. 

50  N.,  700  W,  Depth  to  rock  70  feet,  total  depth  2O0  feet.  A.  T.  630.  This  water  is 
not  salty  and  rose  to  18  feet  below  surface. 

Winsor  Township  (T.  16  K,  E.  10  E.). 

Section  1. 

1950  N..  1320  W.  Depth  to  rock  30  feet.  A.  T.  633.  Water  rose  to  about  6  feet 
from  the  ground. 

1950  N..  1O40  W.  A.  T.  635.  (1)  This  well  was  dug  for  12  feet  and  is  not  cased. 
The  water  rises  to  the  top.   SO4  low. 

(2)  Depth  to  rock  60  feet.    This  well  used  to  flow,  but  is  now  stopped  up. 

1950  N..  400  W.  Depth  40  feet,  through  gravel.  A.  T.  637.  Water  rose  to  within 
6  feet  of  the  top. 

60  N.,  50  W.  SO4  low,  CI  med.  Depth  to  rock  40  feet,  total  depth  40  ft.  This  is 
a  dug  well. 

360  N..  19.50  W.    SO,  low.  CI  low.    Total  depth  about  47  feet.    A.  T.  635. 

860  N..  1950  W.  SOi  low.  Total  depth  32  feet.  A.  T.  634.  This  well  was  dug  8 
feet,  then  drilled  in  gravelly  clay  and  about  6  in.  in  black  slate.  This  well  is  not 
flowing  now. 

1060  N.,  1950  W.  Depth  to  rock  SO  feet.  A.  T.  633.  This  well  flowed  fast  3  or  4 
years  ago.  it  now  stands  about  one  foot  from  ground.  When  this  well  was  dug 
the  one  above,  just  south,  stopped  flowin.g. 

1200  N.,  1950  W.  A.  T.  633.  Depth  to  rock  30  feet,  total  depth  30  feet.  The  water 
in  this  well  stands  two  feet  from  the  surface  and  the  well  passes  through  sand, 
clay,  gravel  and  at  the  bottom  fine  Kandy  bluestone. 

S.  E.  quarter  of  N.  W.  quarter.  A.  T.  639.  This  well  used  to  flow  a  V2  in.  stream, 
but  has  now  gone  down  to  3  feet  from  the  surface.  SO,  low,  01  low.  Total  depth 
41  feet.  The  water  comes  from  a  soapstone.  (A  windmill  was  put  in  3  or  4  years 
ago  and  I  suspect  is  partly  to  blame  for  the  other  wells  not  flowing.) 

Section  2. 

(Pigeon.)  Wells  from  29  to  40  feet  deep  used  to  flow.  The  surface  water  and 
water  generally  is  hard. 

160  N.,  1287  W.  Depth  to  rock  43  feet,  total  depth  90  feet.  A.  T.  630.  H.  Moeller, 
owner;  W.  Smith,  driller. 

The  first  rock  was  coarse,  impure  pyritiferous  sandstone,  then  bluish  arenaceous 
shale  at  48  feet,  then  a  mixture  of  fine  sand,  black  shale,  pyrite,  etc. 

50  N.,  1075  W.  Total  depth  163  feet.  A.  T.  632.  This  well  is  at  the  KleLnschmidt 
house  next  to  P.  O. 

Depth  to  rock  49  feet  3  inches,  total  depth  50  feet  6  inches.  This  well  is  15  inches  in 
rock  at  the  store. 

4.50  N.,  1900  W.  Depth  39  to  40  feet.  A.  T.  632.  The  water  rises  only  6  inches.  The 
surface  water  is  hard. 

360  N..  50  W.  Total  depth  36  feet.  A.  T.  635.  The  water  flowed  at  first,  but  is  now 
5  feet  from  the  surface. 

700  N.,  50  W.  Total  depth  30  to  33  feet.  A.  T.  634.  The  water  is  about  at  level  of 
ground. 

1200  N..  .50  W.  Total  depth  29  feet.  Berne,  2d  house  from  N.  E.  corner.  A.  T.  6.33. 
SO4  and  CI  low.  like  other  wells  on  this  road.  This  well  used  to  flow  and  now 
rises  to  five  feet  from  the  surface. 

1980  N.,  880  W.  CI  low,  SO,  low.  Total  depth  36  feet.  A.  T.  627.  This  well  is  at 
Leipprandt's  store. 

1950  N.,  1820  W.  CI  low  SO,  medium,  lotal  depth  31  feet.  A.  T.  626.  This  well 
was  dug  for  16  feet  and  drilled  16  feet. 

There  is  no  casing  in  this  well,  the  stream  was  so  strong  that  it  lifted  the  one- 
inch  casing  out. 
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Section  3. 

1320  N.,  1925  W.  Depth  to  rock  40  feet,  total  depth  80  feet.  A.  T.  626.  F.  D.  Mac- 
Cauley,  owner;  drilled  by  Hofmeister.  "Water  was  struck  at  30  feet  and  rose  to 
8  or  9  feet  below  surface. 

520  N.,  1200  W.  Driller,  F.  Mueller.  A.  T.  629.  This  well  is  but  9  feet  deep  and 
they  found  grypsum.  In  a  dug  well  at  32  feet  was  "a  big  layer  of  gypsum,"  very 
good  according  to  samples,  but  probably  in  the  drift.  On  the  other  side  of  the 
stream  he  says  that  a  well  struck  the  same  layer,  say  2  feet  thick,  and  that  an 
adjacent  drilled  well  cut  some  4  or  5  feet  of  it. 

20  N.,  760  W.  Total  depth  23  feet.  A.  T.  629.  This  well  was  dug  22  feet  and  bored 
to  rock  which  is  not  very  hard.   There  is  14  feet  of  water  in  the  well. 

50  N.,  1180  W.  Total  depth  60  feet.  This  is  said  to  have  been  a  well  all  in  hardpan, 
with  no  casing. 

1950  N.,  460  W.  Total  depth  17  feet  A.  T.  612.  This  well  was  dug  14  feet  and 
drilled  3  feet. 

1950  N.,  810  W.   SO4?   Depth  to  rock  35  feet,  total  depth  40  feet.   A.  T.  626. 
1950  N.,  1320  W.   A.  T.  626.   This  is  a  shallow  well. 

Section  4. 

1970  N.,  1280  W.   Total  depth  18  feet.   A.  T.  626.   This  well  was  drv  in  Julv,  1S95. 
1980  N.,  720  W.   Depth  10  feet.   A.  T.  626.   At  house,  in  gravel  and  hardpan,  quite 
often  dry. 

(2)  Depth  14  feet.  At  barn,  barely  dry  in  hot  summers.  Next  houses  east,  three 
wells  and  all  were  dry  in  summer  of  1895.   Total  depths  14,  18  and  20  feet. 

1320  N.,  25  W.  Total  depth  35  feet.  A.  T.  626.  This  well  was  dug  for  20  feet  and 
hand  drilled  the  rest  of  the  way.   Water  'was  struck  about  7  feet  below  surface. 

750  N.,  50  W.  Total  depth  60  feet.  A.  T.  626.  The  water  in  this  well  nearly  rose 
to  top. 

700  N.,  50  W.  Total  depth  35  feet.  This  well  was  dug  20  feet,  and  drilled  15  feet. 
It  was  never  dry  from  1S92  to  1896  and  was  afterward  drilled  to  40  feet  and  filled  up. 
There  is  gravel  at  the  bottom. 

300  N.,  50  W.  Depth  just  to  rock  44  feet.  A.  T.  623.  This  well  goes  to  rock  which 
is  limestone  like  the  quarries. 

S.  E.  quarter  of  S.  W,  quarter.   H.  Elmers'  well  strikes  rock  near  surface. 

1980  N.,  1000  W.  Total  depth  53  to  54  feet.  CI  low,  SOi  strong.  A.  T.  626.  At  58 
feet  there  is  blue  rock  with  seams  of  plaster. 

Section  5. 

1900  N.,  1350  W.  Depth  49  feet.  A.  T.  624  (42.5).  This  well  passes  through  13  feet 
of  limestone  similar  to  that  of  quarry,  then  24  feet  sandstone,  then  4  feet  soft,  fine 
sandstone,  then  7  feet  (last  few  feet  a  mixture)  slate  and  sandstone  mixed. 

400  N.,  1950  W.    Depth  to  rock  16  feet,  total  depth  about  22  feet.    A.  T.  622. 

840  N.,  1950  W.   This  well  is  about  7  to  11  feet  deep.   A.  T.  about  622. 

1050  N.,  800  E.  A.  T.  630  (48.2).  Surface  of  quarry  is  51  to  52  feet  above  lake.  This 
is  a  test  bore  hole  at  the  quarry.  In  atlas  of  Huron  county  is  a  view  of  Bay  Port 
quarry  40  feet  down.    See  Fig.  8. 

Thickness. 


Limestone    16 

Grindstone  or  coarse  sandstone    20 

Fine  sandstone,  red  brown  or  brindle  13-15 

Shale,  which  I  assign  to  the  Michigan  series    50 


From  25%  to  29  feet  the  sandstone  dipped  decidedly  according  to  diagram,  6:11, 
being  cross  bedded,  the  rest  being  practically  horizontal  stratification. 

Sample  marked  "(1)  41  feet"  is  fine  grained  sandstone  with  some  mica,  light 
brown;  "50  feet  slate"  is  a  shale;  "Sample  taken  in  1884  at  9  feet,  8  in.,  from  the 
bottom  of  this  hole  No.  1"  is  a  fine  grained  light  grey  shale  with  laminae  across 
core,  at  one  end  a  lump  of  Fe  So  w-eathered  to  sulphates.  Also  at  the  bottom  of 
hole  100  feet  from  surface,  a  very  soft  grey  slightly  calcareous  shale  with  a  streak 
1-10  inch  of  sand  cemented  with  pyrite.  At  total  depth  28  feet  3  inches  the  core 
saved  was  18  feet  4  inches,  a  portion  of  loss  from  earthy  deposits  between  layers. 

(2)  Thickness.  Total. 


Limestone    13 

Sandstone    24  37 

Soft  fine  sandstone    4  41 

Slate  and  sandstone  mixed    7  48 


The  variation  in  the  record  of  these  two  borings  and  the  quarry  section  shows 
how  variable  the  beds  of  the  sandstone,  etc  ,  are. 
720  N.,  1950  "VV.   Total  depth  29  feet.   A.  T.  617.   This  well  fiowed  for  the  first  few 

100  N.,  1950  W.  Depth  to  rock  2S  feet,  total  depth  32  feet.  A.  T.  617.  This  well 
passes  through  rock,  then  through  clay  and  gravel.  (Cavern  clay,  or  some  of  the 
shale  beds  of  quarry  record.) 

50  N.,  1720  W.  CI  trace,  SO,  strong.  A.  T.  619.  This  well  usually  flows  until 
about  July  4th  and  then  stands  at  surface. 

50  N.,  1300  W.   Total  depth  27Vi  feet.   A.  T.  620.   This  well  used  to  flow. 
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260  N.,  50  W.    Depth  to  rock  16  feet,  total  depth  22  feet.   A.  T.  622. 

840  N.  50  W.  Depth  to  rock  7  to  11  feet,  total  depth  12  feet.  This  well  passes 
through  5  feet  of  limestone  and  flint,  sandstone  below;  50  rods  on  it  is  6  Inches  to 
rock. 

Section  7. 

950  N.  740  W.   Total  depth  about  2S  to  30  feet.   A.  T.  617.   This  is  a  drilled  well. 

950  N.;  12S0  W.  Depth  to  rock  26  (?)  feet,  total  depth  33  feet.  A.  T.  619.  This  well 
is  in  quicksand  and  did  not  flow,  water  rose  about  6  feet  .fro.tn  ground.  Nine  feet 
of  this  well  is  said  to  be  in  rock,  the  rest  is  in  gravelly  sand. 

1050  N.,  1900  W.  Total  depth  27  to  37  feet.  A.  T.  618.  This  well  flowed  2  feet  above 
ground.   CI  and  SO4  not  more  than  trace.   Temperature  49y2°. 

700  N.,  1950  W.    Total  depth  29  feet.    A.  T.  619.    Temperature  of  flow  49°  F.  SO* 

*'^5o'^N.,  1320  W.   Total  depth  33  feet.   A.  T.  622.   E.  Harder,  driller. 

50  N.,  640  W.  Depth  to  rock  32  feet,  total  depth  36  feet.  A.  T.  624.  A.  Graves, 
owner.   Water  was  struck  at  about  31  feet. 

50  N.  300  W.   A.  T.  625.   This  is  a  shallow  well  at  the  school  house. 

N.  W.  of  S.  W.  Total  depth  24  or  28  feet.  Adam  Mueller,  driller.  These  wells 
are  of  muck  and  clay  loam.   Clay  31/2-4  feet,  then  hardpan  gravel,  etc. 

50  N.,  1950  W.  Total  depth  24  or  40  feet.  CI  trace,  SO,  0.  Temperature  50°  F. 
This  well  has  a  strong  flow  at  school  house. 

1S50  N.,  1950  W.    This  is  about  like  flow  opposite  in  Sec.  6. 

1950  N.,  720  W.  Depth  to  rock  27  feet,  total  depth  29  feet.  A.  T.  612.  T.  Radloff, 
owner.  In  the  spring  water  was  at  surface  now  it  is  more  than  7  feet  from  the 
top. 

840  N.,  50  W.   Total  depth  25  feet.   J.  B.  Harder,  owner. 
1460  N.,  50  W.    Total  depth  40  feet.    Less  than  40  to  rock. 

1700  N.,  50  W.  Depth  to  rock  30  feet,  total  depth  100  feet.  A.  Grant,  owner.  The 
well  was  sunk  this  deep  in  order  to  get  a  flow,  in  vain. 

Section  8. 

A.  T.  about  624. 

S.  W.  Vi-   Depth  to  rock  21  to  26  feet;  total  depth  22  to  26  feet.   The  wells  around 
here  are  to  rock  (F.  G.  Harder's  nlace,  3V2  miles  E.  and  1  mile  south  of  Pigeon). 
N.  E.   Depth  to  rock  2  to  8  feet. 

1950  N.,  1020  W.  Depth  to  rock  25  feet,  total  depth  39  feet.  CI  0,  SOi  low.  This 
well  gets  roily  at  times. 

1950  N..  60  W.  Depth  to  rock  38  feet  8  inches,  total  depth  llOVz  feet.  There  is  a 
little  water  in  this  well  at  40  odd  feet,  but  not  enough  even  now.  It  is  very 
strongly  cathartic.  CI  0,  SOi  strong.   D.  Grant,  owner. 

oOO  N.,  1950  W.   This  well  is  7  or  8  feet  deep  in  quicksand. 

450  N.,  1120  W.   CI  0,  SO,  trace.   Total  depth  to  rock  331/2  feet. 

510  N.,  1120  W.   Total  depth  loVz  feet. 

1460  N.,  1950  W.   Total  depth  just  to  rock  40  feet. 

1700  N.,  17.50  W.  CI  0,  SO,  med.  Total  depth  52  feet.  This  well  is  in  rock  and  the 
water  is  cold  and  good. 

Section  9. 

W.  hi  of  S.  E.  14.  Two  miles  south  of  north  part  of  Sec.  4.  A.  T.  630.  Total  depth 
80  feet.   W.  Challis,  owner.   This  well  is  in  rock. 

1680  N..  .50  W.  Total  depth  180  feet.  A.  T.  628.  C.  J.  Hofmeister,  driller.  This  is 
a  flowing  well  with  over  1  foot  head.   Temperature  of  flow  48°.   The  water  is  salty. 

1220  N.,  50  W.  Depth  to  rock  about  30  feet,  total  depth  190  feet.  A.  T.  628.  H. 
Maier,  owner;  C.  J.  Hofmeister.  driller.  This  well  is  through  soapstone,  limestone 
and  sandstone.  The  water  was  struck  in  sandstone  and  rises  to  within  7  feet  of 
the  surface.   The  temperature  of  water  is  47°  F. 

380  to  420  N..  50  W.  Depth  to  rock  2  feet,  total  depth  180  feet.  CI  low,  SO,  0.  A.  T. 
630.  Only  2  feet  to  limestone  which  is  close  to  the  surface  and  like  that  of  the 
quarries  on  Sec.  5,  T.  16,  R.  10;  the  rock  drops  18  feet  suddenly  to  north  and  to  south 
slopes  off  gradually. 

1950  N.,  1540  W.  Depth  to  rock  S  to  10  feet,  then  the  rock  limestone  is  18  feet 
thick.    A.  T.  627. 

50  N.,  660  W.  CI  low,  SO,  trace.  Depth  to  rock  18  feet,  total  depth  76  feet.  A.  T. 
630. 

500  N.,  600  W.    Depth  to  rock  3  feet.    A.  T.  629. 

Section  10. 

1680  N.,  1950  W.  Total  depth  19S  feet.  A.  T.  628.  This  well  is  mostly  through 
soapstone. 

620  N.,  1950  W.  Depth  to  rock  24  feet,  total  depth  240  to  242  feet. 
Elmers,  owner.  D.  Bullock,  driller.  This  is  about  the  same  as 
Sec.  9-16-10,  24  feet  to  rock.  4  feet  limestone,  then  white  stuff. 

50  N.,  1740  W.  Total  depth  30  feet.  A.  T.  6.30.  Temperature  of  flow  48°  F.  Perhaps 
this  well  does  not  strike  rock.   A.  Aublam,  owner. 

1980  N.,  1220  W.   Total  depth  22  feet.   A.  T.  629.   This  is  good  water. 

1160  N.,  50  W.  Total  depth  163  feet.  A.  T.  632.  Owner,  J.  Reither.  The  water  in 
this  well  is  hard,  the  wells  near  by  are  shallow  and  not  so  hard. 

1980  N.,  1640  W.   Total  depth  22  feet.   A.  T.  628. 
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Section  11. 

Pigeon  village.  See  also  Sec.  2-16-10.  Depth  to  rock  about  40  feet,  total  depth 
150  feet.   A.  T.  about  623.   Maclean,  owner. 

1850  N..  950  W.  Depth  to  rock  5'>  feet,  total  depth  223  feet.  This  well  is  at  the 
Elevator.  It  passes  largely  through  slate  and  soap  rock,  some  sulphur  rock,  black 
and  pyritic  seams. 

1900  N.,  1100  W.  Depth  to  rock  40  feet,  total  depth  109  feet.  This  well  is  at  the 
Arlington  house  and  the  water  rises  to  5  feet  below  surface.  Winter,  proprietor. 
Bullock,  driller. 

About  1  rod  away  is  a  well  50  feet  deep.  This  water  is  good  and  it  is  plenty. 
Fisher,  blacksmith.  There  is  a  well  140  feet  deep  at  the  planing  mill,  and  149  feet 
deep  at  the  cheese  factory.   Other  wells  are  45  to  50  feet  to  rock. 

840  N.,  1900  W.  Depth  to  rock  63  feet,  total  depth  163  feet.  Louis  Schultz.  owner. 
There  is  sandstone  from  120  to  163  feet  in  this  well. 

120  N.,  1900  W.  Total  depth  140  feet.  A.  T.  631.  Henry  Schultz.  owner.  The  depth 
to  rock  in  this  neighborhood  is  generally  40  feet.  This  well  is  48  feet  to  rock,  then 
1  foot  blue  rock,  then  mainly  soaprock  and  calcareous  shale  down  to  98  feet,  from 
98  to  102  water-bearing  rock. 

1900  N.,  1337  W.  Total  depth  285  feet.  A.  T.  633.  This  well  is  at  the  steam  stave 
mill.  Liken  and  Bro.  Bullock,  driller.  This  well  got  into  red  stuff  and  salt.  Bul- 
lock says  the  red  rock  was  20")  feet  down.  At  160  feet  they  found  fresh  water. 
The  general  section  for  Pigeon  is  therefore  as  follows. 

0-50,  surface. 

50-90,  blue  clay,  brick  clay  near  surface. 

90-120,  sandstone.  Napoleon  or  Vpper  Marshall. 

120-126  (perhaps  sandstone).  Napoleon  or  Upper  Marshall. 

160-200,  sandstone,  fresh  water,  Napoleon  or  Upper  Marshall. 

200-285.  red  rock  at  first,  with  salt  water,  the  Lower  Marshall,  the  same  as  at 
350  feet  at  Bay  Port,  and  at  196-208  in  Elkton.  The  Schultz  well  in  the  W.  part  of 
the  section  shows  a  dip  of  about  40  feet  while  toward  Bay  Port  the  dip  must  be 
about  (350  —  200).      (30-50)  =  170  H-  5.2  (miles)  =  33  feet  per  mile. 

1780  N.,  50  W.  Depth  to  rock  40,  total  depth  150  feet.  A.  T.  637.  SOj  med.,  CI  low. 
This  well  is  cased. 

1700  N.,  50  W.    Depth  to  rock  40  feet,  total  depth  40  feet.(?) 

1440  N.,  50  W.    A.  T.  637. 

600  N.,  50  W.  Depth  to  rock  39  feet,  total  depth  65  feet.  A.  T.  639.  At  first  the 
water  rose  4  feet  above  ground  and  flowed,  and  at  50  feet  the  water  was  very  hard. 
SO4  mod.,  CI  trace.   A  second  well  in  same  locality  is  27  feet  deep. 

50  N  ':    W.    A.   T.   63;.    Water  was  struck  at  about  70  feet.  (?) 

Section  12. 

800  N.,  1813  W.  (1)  Total  depth  46  feet.  A.  T.  640.  The  water  rises  to  6  or  7  feet 
from  surface.  On  top  of  the  water-bearing  stratum  is  a  frreasy  or  si  ppery 
blue  clay  which  tends  to  close  up  the  wells.    (2)  Depth  49-80  feet;  closed  up. 

50  N.,  740  W.    SOt  low,  CI  low.    Depth  150  feet.    A.  T.  644. 

1950  N.,  860  W.    SO4  low,  CI  low.   Depth  about  9i)  feet.   A.  T.  641. 

Section  13. 

1080  N.,  1950  W.  SOi  mod.,  CI  low.   Depth  about  160  feet.   A.  T.  640. 

1900  N.,  1900  W.  Depth  of  casing  to  rock  47  feet,  total  depth  50  feet.   A.  T.  640. 

1950  N.,  1420  W.  Total  depth  15  feet.   There  are  some  12  and  15  feet  dug  wells. 

Section  14. 

1930  N.,  1980  W.  Depth  a  little  over  15  feet.  A.  T.  630.  This  well  goes  dry  in 
summer. 

1420  N.,  1980  W.   Depth  12  feet.   A.  T.  635.   This  well  is  not  dry. 

840  N..  980  W.  Deoth  to  rock  about  75  feet,  total  depth  110  feet.  A.  T.  63S.  Tem- 
perature of  flow  47°  F.    This  well  was  drilled  in  1895. 

240  N.,  1940  W.  Depth  20  feet.  A.  T.  637.  J.  String  owner.  This  well  was  dry  in 
summer,  and  another  was  drilled.  Depth  to  rock  SO  feet,  total  depth  200  feet  in 
sandstone. 

1080  N..  SO  W.  A.  T.  642.  Wells  around  here  are  said  to  be  175  to  200  feet  deep 
when  drilled,  14  to  16  feet  when  dry. 

Section  15. 

1300  N.,  1775  W.  Total  depth  120  feet.  A.  T.  632.  There  was  limestone  with  Litho- 
strotion  at  surface.   The  limestone  was  at  least  3  feet  thick.   J.  Zinzer,  owner. 

1950  N.,  250  W.  Depth  to  rock  50  feet,  total  depth  100.  A.  T.  632.  This  well  was 
drilled  by  Reithel  and  Hofmeister  in  1894 

1420  N.,  20  W.   This  well  is  only  12  feet  deep.   A.  T.  632. 

980  N.,  20.  Depth  32  feet,  12  feet  dug  and  20  feet  bored.  This  well  always  has 
water. 

50  N.,  1240  W.    Total  depth  42  feet. 

S.  half  of  N.  W.  quarter.  On  H.  Bergmann's  farm  rock  occurs  at  or  near  sur- 
face. 

Section  16. 

I960  N.,  1680  W.  A.  T.  628.  This  well  is  32  to  36  feet  deep  according  to  different 
reports. 
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Section  17. 

1950  N.,  620  W.    CI  0.    Total  depth  24  feet.    A.  T.  627.    Barr,  owner. 
1950  N.,  1420  W.    About  26  feet  to  rock.    Total  depth  26  feet.    A.  T.  627. 

Section  18. 

760  N.,  1900  W.  Depth  to  rock  40  feet,  total  depth  110.  A.  T.  622.  Owner,  Chas. 
Rather.   CI  low,  SOi  low.   The  water  rises  just  to  the  top. 

1600  N.,  1950  W.  80,0.  Total  depth  30  feet.  A.  T.  620.  This  well  flowed  about 
6  inches  above  ground.   A  sample  has  been  sent  to  Lansing  or  to  D.  Fall,  by  Snell. 

1900  N.,  lOOO  W.  A.  T.  624.  This  well  is  like  the  others  around  here,  i.  e.,  about 
30  feet  deep. 

1950  N.,  940  W.   Total  depth  33  feet.   A.  T.  624.   This  well  is  drilled.   The  water 
rises  to  two  feet  below  ground. 
50  N.,  1360  W.    Depth  to  rock  46  to  48  feet,  total  depth  120  feet.    A.  T.  626. 

Section  19. 

50  N.,  1440  W.    Total  depth  10  feet.    A.  T.  626.  Blue  sandy  clay  just  opposite  in 

the  ditch.  (Perhaps  some  of  the  wells  entered  under  Sec.  24-16-9  belong  in  this 
section. 

Section  20. 

0  N.,  260  W.  CI  low.  SO4  strong.  Total  depth  235  feet.  A.  T.  634.  The  water  tastes 
puckery. 

50  N.,  lOOO  W.  Total  depth  35  feet.  A.  T.  6.32.  25  feet  of  this  well  is  dug  and  10 
feet  bored  in  gravel.  _ 

1950  N.,  740  W.    CI  trace.    SO^  strong.    The  water  has  a.  ;      '     '  ' 
depth  65  feet.    A.  T.  628.    Eimer,  owner.    There  is  no  hous 

Section  21. 

1720  N.,  20  W.    Total  depth  56  feet.    A.  T.  635. 
600  N.,  20  W.    Total  depth  20  feet.    A.  T.  637. 

50  N.,  700  W.  SO4  low.  Depth  to  rock  28  feet,  total  depth  30  feet.  A.  T.  637.  T. 
Titz.  owner. 

mo  N.,  1740  W.    Total  depth  22  feet.    A.   T.  634.    (1)  5  in.  well.    (2)  Largely  in 
bluish  boulder  clay. 
50  N.,  1950  W.    Total  depth  9  feet.   This  is  a  surface  well. 


Section 
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In  general  it  is  said  to  be  from  22  to  38  feet  to  rock. 

1950  N.,  840  W.    Total  depth  33  feet,  14  feet  through  clay  and  19  feet  through  gravel. 
A.  T.  637.   Chas.  Knott,  owner.   The  water  is  moderately  hard. 
1950  N.,  1240  W.    Depth  28  feet.    A.  T.  637. 

1959  N.,  1740  W.  Total  depth,  just  to  rock,  48  feet.  A.  T.  6.37.  Water  was  struck 
on  top  of  the  limestone.  Down  to  it  was  all  clay.  One-fourth  of  a  mile  south  and 
one-half  mile  east  it  is  said  to  be  only  4  feet  to  limestone. 

1.360-  N.,  1900  W.  Depth  to  rock  27  feet,  total  depth  40  feet.  A.  T.  637.  A.  Linde- 
berger,  owner.  This  well  was  dug  20  feet  and  drilled  20  feet,  and  the  water  is 
roily  in  stormy  weather. 

1020  N.,  1900  W.    Total  depth  27  feet.    A.  T.  637. 

600  N.,  1900  W.    Total  depth  27  feet.    A.  T.  637. 

660  N.,  100  W.  Depth  to  rock  16.  total  depth  45  feet.  A.  T.  637.  On  the  40  acres 
of  August  Blunde,  only  4  to  5  or  8  feet  to  rock. 

Section  23. 

1740  N.,  1950  W.  Total  depth  210  to  220  feet.  A.  T.  640.  W.  Wagner,  owner.  The  water 
is  too  bitter  for  cooking  (i.  e.  SO4  strong),  CI  trace.   Tastes  of  S  and  Mg. 

1240  N.,  1950  W.    Total  depth  30  feet.    A.  T,  641.    This  well  is  never  dry. 

1900  N.,  50  W.  SO4  strong,  CI  trace.  Depth  to  rock  70  feet,  total  depth  125  feet. 
A.  T.  645.    S.  Foster,  owner. 

1000  N.,  50  W.  SO4  low.  Depth  to  rock  150  feet,  total  depth  223  feet.  A,  T.  643. 
This  well  is  cased  for  150  feet.  The  first  rock  is  soaprock,  it  is  mainly  blue  rock  and 
not  so  very  hard,  then  35  to  40  feet  of  sandrock,  i.  e.,  about  185-223.  As  the  SO4  is 
low  it  is  probable  that  it  begins  below  the  gypsiferous  layers  of  the  Michigan 
series  which  lie  more  than  35  feet  above  the  Napoleon  sandstone. 

Center  of  the  N.  W.  Vi  of  the  S.  E.  14.  Depth  to  rock  96  feet,  total  depth  145  feet. 
A.  T.  645.    F.  J.  Reithel,  owner. 

S.  E.  14  of  N.  W.  14.  1050  N.,  1100  W.  A.  T.  645.  CI  trace.  SOt  strong,  cathartic, 
alum  taste.  This  water  "hardens  butter."  Depth  to  rock  90  to  99  feet.  Total  99 
feet.   This  well  is  through  soft  rock.    B.  Franklin,  owner. 

500  N.,  1950  W.    CI  trace,  SOi  strong.    Total  depth  137  feet.    A.  T.  644. 

Section  24. 

1950  N.,  1250  W.    Depth,  not  to  rock  70  to  80  feet.    A.  T.  643. 

Section  25. 

50  N.,  340  W.   Depth  to  rock  14  feet.   A.  T.  648, 
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1950  N.,  1950  W.  Total  depth  100  feet.  A.  T.  64$.  This  is  a  new  well.  Aug.  28,  1896, 
and  has  100  feet  3  inches  casing,  but  is  not  to  rock  yet.  There  is  plenty  of  water 
in  this  well. 

Section  26. 

1925  S..  75  W.  Depth  to  rock  75  feet,  total  depth  141  feet.  A.  T.  647.  J.  Decher, 
owner.  Fred  J.  Reithel,  driller.  This  well  passed  through  soaprock,  then  lime- 
rock  and  hard  slate,  blue  argillaceous  limestone  and  dolomite  (cement  rock).  This 
well  was  deepened  to  144  feet  on  Aug.  28th.   CI  trace,  SOi  strong. 

Section  27. 

1S20  N.,  1950  W.  Total  depth,  not  to  rock.  3S  feet.  A.  T.  637.  This  well  was  dug 
12  feet  and  then  drilled  to  gravel.  There  is  another  well  on  the  other  side  of  the 
road.   Depth  to  rock  31  feet,  total  depth  61  feet.   A.  Hartman,  owner. 

1000  N.,  1900  W.    Total  depth  60  fePt.(?)    A.  T.  637. 

100  N.,  1260  W.  Depth  to  rock  68  feet,  total  depth  100.  A.  T.  630.  Soaprock,  sand- 
stone at  100  feet.   John  Lucht,  owner. 

100  N.,  840  W.  A.  T.  641.  This  well  was  down  138  feet  to  rock  on  the  forenoon  of 
June  3d,  1896.  through  clay,  sand  and  gravel.  Engelhardt  Stueck,  owner.  Chas  Hof- 
meister.  driller. 

Cf.  Brown's  well  on  §  23  in  Fairhaven,  T.  16  N.,  R.  10  E. 

680  N.,  1950  W.  148  feet  to  rock,  150  feet  deep.  A.  T.  637.  Louis  Kain,  owner. 
This  well  used  to  flow. 

Section  28. 

50  N.,  950  W.    A.  T.  636.    SO4  strong. 

840  N.,  50  W.  CI  low,  SOi  strong.  Total  depth  220  feet.  A.  T.  636.  This  well 
passed  through  much  soaprock. 

480  N.,  30  W.  SO4  strong.  School  district  No.  1.  Winsor.  Sept.  30,  1895.  A.  T. 
636.    Record  of  J.  Russell  as  follows: 

Depth. 
5^     }•  Post-glacial. 


55     j- Glacial. 


83     ^Michigan  series. 
86'6"  I 

Cf.  Brown's  well  on  §  23  in  Fairhaven,  T.  16  N..  R.  10  E. 

1950  N,,  1950  W.  Total  depth  41  feet.  A.  T.  634.  This  well  goes  through  soap- 
stone  (probably  solid  clay). 

50  N.,  1900  W.    CI  low,  SOt  strong.    Depth  about  60  feet.    A.  T.  636. 

50  N.,  660  W.  SOi  low.  Total  depth  85  feet.  A.  T.  636.  This  well  passed  through 
a  few  feet  of  gravel,  then  it  was  hand  drilled  for  27  feet  through  hardpan,  i.  e., 
till;  then  sand  9  feet  thick  was  found  at  45  feet,  then  18  feet  of  soapstone,  2%  feet  of 
hard  rock. 

1950  N.,  1240  W.   SOi  med.   Depth  45  feet  or  more.   A.  T.  635. 

Section  29. 

50  N.,  700  W.    SOi  strong.    Depth  to  rock  63  feet.   A.  T.  636.   Wm.  Weinlander, 
owner.   Chas.  Hofmeister,  driller.    Record  of  samples  sent  to  survey: 
126  to  128,  sandstone  fine  grained  arenaceous. 
128  to  150,  yellow  and  brown  limestone  and  sandstone. 

150  to  216,  clear  white  sand  (a  few  green  grains  of  spinel?)  apparently  good  enough 
for  glass  making. 

50  N..  1820  W.  Total  depth  about  183  feet.  A.  T.  632.  The  water  is  very  hard,  CI 
trace.  SOi  strong.   "W.  Kappen.  owner. 

50  N.,  llOO  W.    Total  depth  125  feet,  about  59  feet  casing.   A.  T.  636. 

50  N.,  940  W.  CI  trace,  SO*  strong.  Depth  to  rock  about  69  feet,  total  depth  148 
feet.  A.  T.  636.  Miller,  owner.  C.  Hofmeister,  driller.  At  82  feet  dolomitic  lime- 
stone; 107-14S  sandstone  slightlv  calcareous. 

50  N.,  260  W.    Total  depth  188  feet  or  more.    A.  T.  637. 

1660  N.,  50  W.   Depth  to  rock  about  70  feet.   A.  T.  635. 

1950  N.,  1000  W.  A.  T.  632.  CI  trace.  SO,  strong.  This  water  is  cathartic  and 
probably  comes  from  decomposed  pyrite.  Depth  to  water  60  feet,  total  depth  225 
feet.  Jacob  Hoist,  owner.  This  well  is  through  soaprock  and  at  160  feet  ("stuff 
like  gold,  called  sulphur")  pyrite. 

Section  30. 

(Depth  to  rock  said  to  be  in  general  about  60  feet.) 

140  N..  1950  W.  Total  depth  200  feet  or  more.  A.  T.  630.  fThis  well  is  mainly 
shale  and  soaprock.    C.  Buschlein,  owner. 

50  N.,  700  W.    CI  0,  SO4  med.  -f-  total  depth  40  feet,  but  not  to  rock.    A.  T.  632. 

CI  trace,  SO4  strong.  Depth  to  rock  60  feet,  total  depth  ISO  feet.  A.  T.  632.  M. 
Regenscheit.  owner;  C.  Hofmeister  and  Crafts,  drillers. 

1000  N..  50  W.  CI  trace,  SO,  strong.  Depth  to  rock  64  feet,  total  depth  220  feet. 
A.  T.  631.  From  200-215  in  sand.=tone.  The  tools  were  stuck  fast,  and  some  pyrite 
was  encountered.   George  Kramer,  owner;  Smith,  driller. 


Thickness. 

Red  clay   12 

Blue  clay   39 

Hardpan  and  boulders   3 

Sand  and  griivel   1 

Hardpan  and  boulders   19 

Light  slate  rock   7 

Black  slate  rock   2 

Light  slate  rock   3'6" 
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Section  31.  (Kilmanagli.) 

50  N.,  540  W.  Total  depth  about  60  feet.  A.  T.  630.  This  is  like  the  well  just 
south. 

50  N.,  990  W.    A.  T.  630. 

50  N.,  130O  W.   CI  low.   About  100  feet  deep.   This  well  is  cased  to  rock  for  80 
feet.   There  was  hard  rock  at  the  top  of  bed  rock.   C.  Heckert,  owner. 
A.  T.  630.   Geo.  Kindig,  owner.   Record  as  follows: 

Thickness.  Total. 

Clay    55 

Ilardpan  with  boulders    3  5S 

Loose  dark  rock  (hard  slate)   4  62 

Hard  rock,  water    5  67 

Soapstone    6  73 

Light  colored  hard  rock  with  8-16  in. 

soft  seams   '.   25  88 

Sandy  fine  clay,  slate    4  102 

White  hard  sand  rock  with  some  pyrite  4  106 
Soft  white  sand  rock    21  127 

SO,  trace. 

1460  N.,  1950  W.   Total  depth  about  185  feet.   A.  T.  630. 
'  1950  N.,  700  W.   CI  trace,  SO4  med.   Depth  to  rock  about  64  feet,  total  depth  200 
feet.   A.  T.  630.   This  is  mainly  through  soaprock,  water  was  struck  in  sandrock. 

1200  N.,  50  W.  CI  low,  SO4  med.  Total  depth  about  170  feet.  A.  T.  636.  Gottleib 
Layhen,  owner. 

50  N.,  50  W.   Depth  to  rock  60  feet,  total  depth  85  feet.   A.  T.  638. 
A.  T.  630.   Frank  Thompson,  owner.   CI  low,  SO4  med. 

Thickness.  Total. 

Clay   :   60 

Slate  or  soap    10  70 

Hard  rock    25  95 

Hard  sandrock   12  107 

Water  sandrock    12  119 

Section  32. 

50  N.,  660  W.    This  well  was  drilled.    A.  T,  676. 

50  N.,  1760  W.  SOi  low,  CI  low.  Depth  to  rock  80  feet,  total  depth  155  feet.  A.  T. 
637.  C.  Finkbeiner,  owner.  The  first  rock  encountered  was  slate,  the  last  25  feet 
was  sandrock  in  which  was  water.  Water  also  occurred  at  the  surface  of  the 
rock 

1950  N.,  1820  W.   Depth  to  rock  64  feet,  total  depth  172  feet.   A.  T.  636. 

1950  N.,  1100  W.  CI  low.  SO4  med.  Depth  to  rock  59  feet,  total  depth  116  feet. 
A.  T.  about  636.  S.  Ellenbaum,  owner.  The  water  has  fallen  from  five  feet  below 
ground  to  14  feet  below. 

1950  N.,  940  W.   Depth  to  rock  35  feet,(?)  total  depth  178  feet.   A.  T.  about  636. 

1950  N.,  about  300  W.  CI  strong,  SOj  strong.  Total  depth  186  feet  or  more.  J.  D. 
Finkbeiner,  owner. 

Section  33. 

1360  N.,  20  W.  Total  depth  14  feet.  A.  T.  637.  This  well  is  shallow  in  gravel  and 
gravelly  clay. 

750  N.,  50  W.   Total  depth  135  feet.   A.  T.  637.   Wm.  Hinton,  owner. 

50  N.,  1700  W.  SO4  trace.  CI  med.  Depth  to  rock  SO  feet,  total  depth  170  feet. 
A.  T.  637.   Jacob  Kain,  owner. 

1950  N.,  1800  W.  CI  tr.,  SO*  strong.  Total  depth  226  feet.  A.  T.  635.  This  water 
is  cathartic. 

1950  N.,  1300  W.  A.  T.  635.  CI  trace,  SO4  strong.  Total  depth  about  214  feet.  This 
well  has  70  or  80  feet  of  casing. 

Section  34. 

1900  N.,  1260  W.  Depth  to  rock  104  feet  (or  96).  total  depth  175  feet.  Henry  Ein- 
wochter,  owner. 

820  N.,  1950  W.  A.  T.  637.  Depth  to  rock  120  feet,  total  depth  165  feet.  Cf. 
§  3-15-9. 

Section  35.    (Linkville,  =  Winsor,  =  Kilkenney).  A.  T.  648. 

100  N.,  950  W.   Depth  to  rock  73  feet,  total  depth  101  feet. 

Feet. 

Blue  clay    71 

Red  clay   71-73 

Grey  rock   73-101 

100  N.,  950  W.  Strong  of  SO4.  Depth  to  rock  75  feet,  total  depth  105.  This  well  is 
in  soapstone  and  hard  black  rock.   C.  Link,  owner. 

150  N.  Total  depth  225  feet.  This  well  is  at  the  stave  mill,  and  has  about  40  feet 
of  red  rock  at  the  bottom. 

22-pt.  ir. 


170 


HURON  COUNTY. 


50  N.,  950  W.  SOi  trace,  CI  low.  This  well  is  at  the  saw  mill  and  has  120  feet 
casing.  There  was  a  bad  flow  from  105  to  110  feet,  but  it  is  cased  off.  "Grindstone" 
occurs  from  135-140  feet  and  150  to  200  feet. 

1050  W.  Total  depth  173  feet.  SO,  low,  CI  low.  The  water  rises  to  about  10-12  feet 
from  the  ground. 

Probably  1  and  2  are  the  same  well,  but  different  reports,  also  3  and  4.  The  gen- 
eral section  would  then  be  probably  (compare  Grand  Rapids  PI.  XXI.  Vol.  V,  Geol. 
Sur.  Mich.,  at  147.  191  to  24S,  and  248  to  265  feet). 

Feet. 

Drift    70-75 

Grey  calcareous  shale    75-101 

Hard  black  rock,  perhaps  limestone,  and  gj'psum, 

brackish  water    101-120 

Shale    120-140 

Sandstone    140-185 

Red  sandstones  and  shales    185-225 

880  N..  50  W.    Total  depth  16  feet.    A.  T.  645. 
50  N..  1950  W.   Dug  in  boulder  clay. 

Oliver  Township  (T.  16  X.,  E.  n  K). 

50  N..  1520  W.    Total  depth  10  feet.   A.  T.  667. 

Section  2. 

50  N.,  700  W.  SOj  strong,  CI  low.  Temperature  of  flow  51°  F.  Total  depth  about 
150  feet.    A.  T.  657. 

50  N..  1100  W.  Depth  to  rock  26  feet,  total  depth  142  feet.  A.  T..663.  This  is  a  flow- 
ing well  in  very  hard  rock. 

Section  3. 

1900  X.,  300  W.  Depth  to  rock  2d  feet,  total  146.  A.  T.  644.  Salt  at  48  feet.  Thi.= 
well  used  to  flow  2  feet  above  ground,  the  water  is  salty  and  at  143  feet  was  not 
good.  This  well  should  be  cased  deeply.  Compare  Adams'  well  in  Caseville:  i.  e.. 
about  90-100  feet  above  the  sandstone  is  a  salt  streak. 

1780  N.,  1900  W.  Depth  to  rock  26  feet,  total  depth  239  feet.  A.  T.  647.  At  180  feet 
the  water  was  not  good.   It  now  rises  to  within  6  feet  of  the  ground. 

220  N.,  1540  W.  CI  trace,  SO*  low.  Total  depth  130  feet.  This  well  is  cased  for  30 
feet.   A.  T.  645.   This  well  is  at  the  brick  yard. 

Section  4. 

1950  N..  1480  W,   Total  depth  dug,  and  not  to  the  rock,  about  12  feet,   A.  T.  657. 

Section  5. 

50  N..  960  W.    Total  depth  about  20  feet.    A.  T.  657. 

700  X..  195'3  SO,  low,  CI  low.  Total  depth  109  feet.  A.  T.  647.  D.  Bullock, 
driller,  for  Dwight  and  Heywood. 

1420  N..  1950  W.  SO4  low,  CI  low.  Depth  to  rock  95  feet,  total  depth  156  feet.  A.  T. 
647.  D.  Bullock,  driller.  The  question  is.  is  this  casing  really  only  to  rock  or  did 
they  case  deeper  to  keep  off  bad  water?  The  rock  was  blue  "like  slate  pencils,"  i.  e,, 
blue  shale  in  the  Michigan  series. 

1950  X.,  12S0  W.  SO4  med.  CI  low,  like  the  one  in  Sec.  32-17-U.  Depth  to  rock 
60  feet,  total  depth  150  feet  or  more.  A.  T.  647.  This  well  is  in  blue  shale  and  sand- 
rock. 

1950  X.,  1210  W.  SO,  med.,  CI  low.  Depth  to  rock  40  feet,  total  depth  168  feet, 
A,  T.  647.    Fliege,  owner. 

Section  6. 

360  X.,  50  W.  SO,  trace,  CI  low.  This  well  is  50  to  60  feet  to  rock  and  125  feet 
deep.    A,  T.  64T.    This  well  was  put  down  bv  D.  Bullock  for  J.  E.  Lvnch. 

160  X.,  1950  TV,  Total  depth  29  feet.  A.  T.  646.  This  well  was  dug  for  11  feet, 
then  hand  drilled.   The  water  rose  to  within  12  feet  of  the  surface. 

800  X.,  1950  W.  Total  depth  40  feet.  A.  T.  642.  This  well  was  dug  and  drilled, 
and  has  not  very  much  water.   SO,  low,  CI  med. 

1950  X.,  1460  'V^'.  Total  depth  40  feet,  hand  drilled.  A.  T.  640.  Good  supply  of 
water. 

1950  N.,  9S0  W.  Total  depth  140  feet  or  more.  A.  T.  642.  This  well  is  a  few  feet 
deeper  than  next  well  east,  which  is  steam  drilled. 

W.  half  of  X.  E.  quarter.  Total  depth  140  feet,  depth  of  casing  52  feet.  A,  T.  642. 
J.  Ackerman,  owner. 

Section  7. 

60  X.,  1950  W.  SO,  trace,  CI  trace.  Depth  to  rock  48  feet,  cased  for  2  feet  or 
more,  total  depth  68  feet.   A.  T.  646.   D.  Bullock,  driller;  A,  Xeely,  owner. 

Section  8. 

The  surface  wells  around  here  vary  from  50  to  65  feet  deep, 
560  X„  50  W.    A.  T.  652.    Not  to  rock. 
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600  N.,  30  W.   Depth  to  rock  50  feet,  total  depth  82  feet.   A.  T.  652. 

1450  N.,  50  W.  SO4  trace,  CI  low.  Depth  to  rock  58  feet,  total  depth  16S  feet. 
A.  T.  652.    Hoffman,  owner. 

100  N.,  1950  W.  Total  depth  1+  feet.  A.  T.  frl8.  This  well  is  in  hard,  tough,  drab, 
very  compact  hardpan  or  boulder  clav.   This  well  was  not  finished. 

1600  N.,  1950  W.    A.  T.  650.    This  well  was  not  drilled. 

Section  9.  (Elkton) 

1.35  N.,  37  W.   Total  depth  215  feet.   John  Grill,  owner.    Sd  trace,  CI  low. 

There  were  flows  of  water  at  66  feet,  but  at  110  feet  came  the  regular  flow.  The 
rock  consists  of  slate  rock,  black  rook  "coal"  (not  so),  white  rock,  and  passing 
through  the  sandstone  the  well  goes  into  10  feet  of  red  rock.  This  well  is  cased 
to  rock  and  piped  to  110  feet.  When  the  wind  came  from  the  S.  E.  it  flowed  a 
1-inch  stream,  when,  "from  N.  or  W.  it  did  not  flow.  This  well  used  to  flow  until 
they  cut  the  packing  of  the  R.  R.  well  i  feet  below  ground. 

125  N..  37  W.   CI.  med.   Total  depth  23  feet.   Compare  sec.  10. 

1900  W.,  600  N.  SO,  trace,  CI  low.  Depth  to  rock  53  feet,  total  depth  SO  feet.  This 
well  starts  in  sandy  soil.  H.  Becker,  owner;  50  to  65  feel  is  the  usuui  aepih  of 
surface  wells  around  here. 

Section  10.  (Elkton) 

There  are  two  or  three  wells  for  engines  2%  mUes  east  of  Pigeon. 
Andrew  Newly,  IS  to  28  feet  of  white  rock  (gypsum)? 

"There  are  14  or  15  wells  right  in  Elkton  and  they  are  robbing  each  other  and 
wells  that  used  to  flow  do  so  no  more." 

150  N..  1800  W.  Depth  to  rock  25  feet,  total  depth  228  feet.  A.  T.  630.  S.  T.  and 
H.  R.  R.  station.    Cf.  John  Grill's  well  on  Sec.  9.  Summary: 

Feet. 

Surface    0-25 

Mainly  sand  rock  with  occasional  seams  of  slate 

and  limestone    25-99 

Sand  rock  (hard  down  to  170  feet)   99-196 

In  soft  red  rock,  slate   196-20S 

Water  would  flow  at  207  feet,  five  feet  or  over  above  ground.   Drilled  by  Cyrus  G. 
Wells,  of  Badaxe,  under  a  contract  dated  October  10,  1890.   Daily  report: 
Oct.  23,  1890.    Reached  25  feet  below  surface  and  struck  rock. 

Oct.  24,  1890.  From  25  to  33  feet  sand  rock:  occasionally  an  inch  or  two  of  slate. 
Oct.  23.  1890.    From  33  to  40  feet,  hard  sand  rock. 

Oct.  27,  1890.    From  40  to  58  feet,  hard  sand  rock,  intermediate  layer  of  about  6 
inches  of  limestone. 
Oct.  28,  1890.   From  58  to  75  feet,  hard  sand  rock. 
Oct.  31,  1890.   From  75  to  99  feet,  hard  rock  and  slate. 
Nov.  4,  1890.    From  99  to  102  feet,  very  hard  sand  rock. 
Nov.  6,  1890.    From  102  to  120  feet,  hard  sandrock. 
Nov.  7,  1890.   From  120  to  129  feet  hard  sand  rock. 
Nov.  8,  1890.    From  129  to  130  feet,  hard  sand  rock. 
Nov.  10,  18,90.   No  progress,  hard  sand  rock. 
Nov.  13.  1890.    From  130  to  140  feet,  hard  sand  rock. 
Nov.  14,  1890.   From  140  to  145  feet,  hard  sand  rock. 
Nov.  — .  1890.    From  145  to  1.50,  hard  sand  rock. 
Nov.  20,  1890.    From  150  to  158  feet,  hard  sand  rock. 
.Nov.  22,  1S90.    From  158  to  170  feet,  hard  sand  rock. 
Nov.  25,  1890.    From  170  to  178,  soft  sand  rock. 
Nov.  26,  1890.    From  180  to  196,  soft  sand  rock. 
Nov.  28,  1890.    From  196  to  202.  soft  red  rock. 

Dec  2.  1890.    Down  207  feet,    red  soft  rock;  broke  down,  not  drilling  at  present. 
Dec  6,  1890.   Well  will  flow,  if  fixed  with  piping  and  packing,  five  feet  or  over, 
above  ground. 

Dec.  6,  1890.  Down  208  feet  in  red  slate;*  the  pipe  has  been  put  in  and  tried  and 
water  flowed  five  feet  above  surface. 

1300  N..  950  W.  Total  depth  130  feet.  A.  T.  642.  SO4  med.,  CI  low.  This  well  does 
not  flow. 

Section  11. 

1950  N.   Total  depth  170  feet. 

1950  N.,  50  W.  Depth  to  rock  26  feet,  total  depth  130  (128  to  138)  feet.  A  T.  664. 
Water  at  first  rose  to  3  feet  from  surface,  and  was  struck  at  100  feet. 

1000  N.,  50  W.  SO4  med..  CI  trace,  taste  of  H-.  S.  Depth  to  rock  100,  total  depth 
about  130  to  170.  Wells  of  D.  Rolph  and  neighbors.   This  well  did  fiow. 

Section  12. 

1950  N.,  540  W.  Depth  to  rock  25  feet,  votal  depth  230  feet.  A.  T.  670.  This  well 
is  mainly  through  slate  and  soapstone.  The  first  water  was  at  90  feet.  This  well 
flowed  for  sometime  and  the  water  is  now  within  4  feet  of  the  ground. 

Section  13.  Grassmere. 

1040  N.,  50  W.  CI  0,  SO,  0.  Depth  to  rock  40  feet,  total  depth  175  feet.  A.  T.  694. 
This  water  was  tested  by  Prof.  W.  B.  Prescott  as  follows:  Hardness,  0.171  per 
thousand.   CI  =  0.0025  per  thousand;  contains  Ca,  Mg,  Na,  CI,  SO,,  CI  and  Coo  in 
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minute  quantities  and  trace  of  Fe.   This  well  goes  4S  feet  to  a  bluish  grey  sand- 
stone, shelly,  i.  e.,  flags.   At  15S  feet  is  a  coarse  grey  sandrock. 

Concerning  the  behavior  of  this  well  we  insert  the  following  from 
the  Bad  Axe  Kepublican  of  Aug.  10,  1900.  Compare  what  we  have 
said  on  p.  126  about  varying  flows.  The  sweating  of  the  pipe  in 
times  of  storm  is  due  to  the  extra  humidity  of  the  air  which  is  con- 
gealed by  the  cold  pipe.  -   ,  . 

Practically  all  of  the  water  used  for  drinking  purposes  at  the  little  hamlet  of 
Grassmere  comes  from  a  well  on  the  Grassmere  stock  farm.  The  well  stands  just 
inside  a  field  on  the  road  near  the  station  and  is  patronized,  by  everyone  in  the 
vicinity  as  the  water  is  very  pure,  clear  and  cold.   An  iron* pipe  has  been  driven 

into  the  earth  to  a  depth  of  170  feet  and  the  water  from  it  is  carried  to  a  large 
trough  in  the  adjoining  barnyard  where  the  cattle  on  the  farm  are  watered. 
Where  the  pipe  comes  out  of  the  ground  a  barrel  has  been  sunk  in  the  earth  and 
the  water  flows  direct  from  the  well  into  this  barrel.  Manager  Sam  Goodwill 
says  this  well  has  several  peculiarities  that  are  odd.  to  say  the  least.  When  the  , 
wind  is  in  the  southwest  the  flow  of  water  is  abundant,  but  let  it  veer  around  to 
the  opposite  point  of  the  compass  and  the  supply  is  diminished  at  least  one-half. 
The  well  is  also  a  faithful  barometer.  When  a  storm  is  in  the  air  the  water  in 
the  barrel  is  greatly  disturbed.  It  boils  violently  and  the  sediment  at  the  bottom 
rises  and  roils  the  water  so  that  it  has  to  be  taken  direct  from  the  pipe  for  drink- 
ing purposes.  At  the  same  time  the  pipe,  otherwise  dry,  becomes  covered  with 
moisture  and  great  beads  of  perspiration  drop  from  its  rough,  iron  surface.  This 
is  due  doubtless  to  the  coldness  of  the  pipe  condensing  the  moisture  already  gather- 
ing in  the  warm  air  surrounding  it.  On  Saturday  all  the  conditions  were  present, 
and  that  night  this  vicinity  was  visited  by  a  copious  and  welcome  rain  storm. 

Section  15. 

860  N..  1950  W.   A.  T.  650.   This  is  a  flowing  well  and  is  about  the  same  as  800  N., 
50  W.,  16-16-11. 

Section  16. 

200  N.,  50  W^   A.  T.  650.   This  is  a  shallow  weU. 

800  N.,  50  W.   This  is  a  flowing  well.   Depth  to  rock  35  to  40  feet  (25).  total  depth 
140  feet. 

1950  N.,  980  to  1620  W.   SO^  low.   Total  depth  12  to  16  feet.   A.  T.  647.   There  is  no 
rock  well  near  here. 

Section  18. 

1950  N.,  220  W.  Depth  to  rock  S2  feet,  total  depth  304  feet.  A.  T.  650.  Meredith, 
owner.  At  180  or  190  there  was  plenty  of  water  but  they  went  lower  hoping  for  a 
flow  and  got  bad  water,  which  was  shut  off.    From  200  to  304  is  red  rock. 

Section  21. 

S.  E.  quarter  of  S.  E.  quarter.  Depth  to  rock  about  30  feet,  total  depth  85  feet. 
A.  T.  670.  Temperature  of  flow  47i2°  F. ;  water  not  as  hard  as  that  of  the  16  foot  well 
at  the  same  place. 

SOO  N.,  50  W.    Flow  not  strong.   Total  depth  91  feet. 

1260  N.,  50  W.   Depth  to  rock  27  feet,  total  depth  104  feet.   A.  T.  662. 

1740  N.,  50  W.   Temperature  of  flow  47y2°  F.   Total  depth  104  feet.   A.  T.  660. 

Section  22. 

800  N.,  50  W.   Total  depth  20-30.   A.  T.  665. 

Section  27. 

_%  mile  E.  and      mile  N.  of  12S0  N..  50  W^  in  Section  2S.   Total  depth  110  ft.   A.  T. 

1920  N..  1950  W^  Depth  to  rock  30  to  35  feet,  total  depth  110  feet.  A.  T.  672.  This 
well  is  like  the  one  1280  N.,  50  W..  in  Sec.  2S-16-11. 

0  N.,  440  W.  Ca  trace,  CI  none,  SO4  none.  Total  depth  149  (140  to  145)  feet.  A.  T. 
6&4.   John  Wooster,  owner.   This  is  a  flowing  well. 

Section  28. 

50  N.,  320  W.   A.  T.  670.   Paul  Praseham.  owner.    This  is  not  a  flowing  well. 

50  N.,  780  W.   A.  T.  670.   This  well  is  probably  to  rock.  32  feet  deep. 

12S0  N.,  50  W.  T.  471/2°  F.  Depth  to  rock  30  to  35  feet,  total  depth  106  feet.  A.  T. 
670.   This  well  is  through  sandrock  and  some  slate,  and  did  not  have  a  strong  flow. 

750  N.   50  W.   Total  depth  140  to  145  feet.   A.  T.  about  670.   This  is  a  flowing  well. 

1920  n'.,  50  W.  Depth  to  rock  about  30  to  35  feet,  total  depth  110  feet.  A.  T.  about 
670.   This  well  is  like  12S0  N.,  50  W^. 

Section  29. 

50  N.   800  W.   A.  T  667.    This  is  a  fifteen-foot  dug  well. 

50  N.,  400  W.   A.  T.  667.   Total  depth  16  feet.    This  is  a  dug  well.   The  country  is 
sandy  all  along  here  and  to  the  west. 
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Section  30. 

112  N..  1560  W.  Depth  to  rock  54  feet,  total  depth  ITS  feet.  A.  T.  652.  Head 
of  flow  6  feet.  J.  Cassinke,  owner.  The  first  rock  was  sandstone  at  54  feet,  lots  of 
slate  in  the  rock,  blue  sandstone,  then  7  or  8  feet  of  clear  white  sandstone,  water 
bearing  rock.  According-  to  Bullock,  ot"  same  well,  soaprock,  lime  and  slate  made 
up  the  well  which  went  from  130-178  into  sandrock. 

Section  31. 

1950  N.,  460  W.  Total  depth  13  feet.  A.  T.  660.  4  feet  of  gravelly  sand,  the  rest  is 
clay.   There  was  about  6  feet  of  water  in  this  well  all  summer. 

Section  33. 

1950  N.,  780  W.  De-pth  to  rock  30  feet,  total  depth  127  feet.  A.  T.  662.  SO4  trace, 
Ca  trace,  CI  0.  Fe  present.  Fred  Elbe,  owner.  At  35  feet  went  through  gypsum 
bed  1  foot  thick.  Water  was  struck  at  127  feet.  It  flowed  a  water  pail  a  minute  and 
rusts  iron.    Temperature  47V2°  F.,  Lane,  48°  F.,  Davis. 

Section  36. 

S.  E.  corner.  Ca  low,  CI  trace.  Hj  SO,  low.  Total  depth  13  feet.  A.  T.  730.  This 
water  is  strongly  impregnated  with  Hn  S.  When  wind  is  E.  water  is  said  to  turn 
black. 

Colfax  Township  (T.  16       R.  12  E.  L.). 
Section  1. 

50  N.,  1900  W.   Total  depth  20  feet.   A.  T.  734.   This  well  is  not  deep  enough. 

Section  6. 

200  N.,  260  W.    Depth  to  rock  30  or  35  feet,  total  depth  242  feet.   A.  T.  690. 

The  water  was  good  and  rose  to  surface.  B.  Kreutziger,  owner.  There  was  loose 
rock  to  35  feet  to  which  it  was  cased.  At  85  feet  the  water  rose  to  the  top.  The 
well  was  continued  through  soap  rock  in  the  vain  endeavor  to  get  more  head, 
though  the  supply  was  increased. 

N.  W.  quarter  of  N.  W.  quarter.   Total  depth  to  rock  40  feet. 

100  N.,  1260  W.  A.  T.  670.  J.  Klemmer,  owner.  CI  0,  SO,  med.  The  water  rose 
originally  to  3  feet  of  surface,  now  it  rises  to  7  feet  of  surface.  Water  was  struck 
at  50  or  70  feet,  then  21  feet  hard  rock,  then  4  feet  of  plaster. 

A  general  section  for  this  part  of  the  country  is  20  feet  to  rock.  21  feet  to  flinty 
limestone,  gypsum  and  calcareous  shales  to  top  of  Marshall  sandstone  at  70  feet, 
and  at  240  feet  were  shales  of  the  Lower  Marshall. 

Section  7. 

N.  W.  quarter  of  N.  W.  quarter.  Depth  to  rock  20  feet,  total  depth  150  feet. 
A.  T.  677.   This  well  flowed  at  first. 

Section  9. 

A.  T.  70S.  Total  depth  26  feet.  J.  Hutchinson,  owner.  The  water  in  this  well  is 
not  good. 

Section  13. 

1300  N.,  50  W.   Total  depth  15  to  16  feet.   A.  T.  752. 

1950  N.,  860  W.  Total  depth  12  to  16  feet.  A.  T.  744.  This  is  the  general  depth  of 
wells  around  here. 

Section  18. 

200  N.,  50  W.  CI  0,  SO,  0.  Depth  of  casing  to  rock  40  feet,  total  depth  85  feet. 
A.  T.  709.   The  water  rises  to  3  feet  from  top. 

A.  T.  693.  Grassmere.  See  Sec.  13,  Oliver.  Around  Grassmere  wells  are  said  to 
be  about  90  feet  deep. 

Section  20. 

340  N.,  50  W.  Depth  to  rock  60  or  70  feet,  total  depth  about  2O0  feet.  A.  T.  745. 
Fred  Wettzel,  owner.   This  is  a  sandstone  water.  D. 

S.  W.  Vi  of  S.  E.  1/4.  Depth  to  rock  50  feet,  total  depth  75  feet.  A.  T.  745.  Robt.  L 
Hazard,  owner.   This  well  used  to  flow. 

Section  23. 

lOOO  N.,  640  W.    Total  depth  8  to  9  feet.    A.  T.  762. 
1050  N.,  106O  W.    Total  depth  10  to  12  feet.    A.  T.  762. 

1250  N.,  1200  W.   Depth  to  rock  50  feet,  total  depth  85  feet  to  102  feet.   A.  T.  762. 
This  well  is  at  the  county  poor  house,  in  soaprock  (?). 
1200  N.,  1250  W.   Total  depth  91  feet.   A.  T.  762.   This  well  is  at  the  road. 
220  N.,  1950  W.   A.  T.  757.   The  water  rose  8  feet  from  top. 

Section  24.  (Badaxe.) 

T.  Rapson  says  that  it  is  mostly  sandstone  around  here,  now  and  then  soapstone, 
but  as  we  go  north  toward  Grindstone  City  there  is  very  little  rock  (i.  e.  sandstone) 
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until  the  soapstone.  then  100  to  200  feet  of  soapstone  with  seams  of  sandsone,  i.  e.. 
Lower  Marshall.  Other  deep  wells  generally  to  rock  are  out  down  in  Badaxe  at 
the  jail,  Connaton  House,  Bank  of  F.  W.  Hubbard  &  Co.,  Post  and  Seely,  Skinner, 
School  house  and  R.  R.  station,  etc. 

Lot  17,  John  Street,  1400  N.,  TOO  W.  Depth  to  rock  40  feet,  total  depth  90  feet. 
A.  T.  770.    S.  Burgess,  owner. 

10.50  N..  1050  W.   Total  depth  SO  feet,  in  rock.   A.  L.  Wright,  owner. 

1450  N.,  1800  W.  Depth  10  to  12  feet.  This  well  is  at  the  cemetery  and  went  through 
4  feet  gravel.  4  to  12  feet  sand,  and  the  rest  clav. 

A.  T.  770.  Depth  to  rock  56  feet,  total  depth  110  feet.  Well  at  the  new  cemetery, 
drilled  in  1896.  This  well  was  through  sandstone,  with  no  change  all  the  way. 
This  compared  with  the  flowintr  well  on  Sec.  19-16-13.  Verona,  snows  that  iliere  is  a 
very  heavy  sandstone  at  the  top  of  that. 

Section  26. 

17S0  N.,  1950  W.   A  ten-foot  well  in  hard  clay,  not  stoned  up.   A.  T.  752. 

Section  27. 

1780  N.,  50  W.  Seven  feet  hard  blue  clay,  6  inches  gravel,  4  feet  blue  clay, 
then  more  gravel.   A.  T.  752. 

Section  29. 

1950  N.,  260  W.  Depth  to  rock  m  feet,  total  depth  66  or  75  feet.  A.  T.  745.  The 
first  60  feet  were  mostly  clay,  but  there  were  12-15  feet  of  quicksand  on  the  rock, 
and  5  to  6  feet  sandrock  at  the  bottom.  The  water  rose  to  within  4  feet  of  the 
surface,  it  was  clayey  but  otherwise  good. 

50  N..  300  W.    Total  depth,  not  to  rock,  IS  feet.   A.  T.  762. 

Section  30. 

440  N.,  200  W.  Depth  to  rock  GO  feet,  total  depth  66  feet,  or  depth  to  rock  70  feet, 
total  depth  751-2  feet.   A.  T.  730.   Robert  Brown,  owner;  T.  Rapson,  driller. 

Thickness.  Total. 

Clay    45  45 

Quicksand  on  top  of  rock   12  to  15  60 

Sandrock   5  to  6  66 

The  water  rose  to  within  15  feet  of  the  surface.  There  was  good  water  In  this 
well  which  rose  to  16  feet  of  surface. 

Section  32. 

1950  N.,  140  W.   Total  depth  12  feet.   A.  T.  765. 

Section  33. 

E.  half  of  S.  E.  quarter.    Total  depth  17  feet.    A.  T.  757. 

Section  34. 

1950  N.,  260  W.  Total  depth  12  feet.  A.  T.  770.  This  well  is  in  clay  but  the  road  is 
sandy. 

920  N.,  50  W.  In  Sec.  35  (?).  Depth  IS  feet.  A.  T.  762.  Ten  feet  to  water  through 
a  bluish  gravelly  clav  with  much  white  chert. 

480  N..  50  W.  Depth  13  feet.  A.  T.  764.  This  well  is  through  the  clay  which  seems 
to  "drop  out"  at  the  bottom,  with  a  quicksand  and  gravel  beneath  yielding  plenty 
of  water. 

50  N.,  1565  W.  Total  depth  20  feet  or  more.  A.  T.  764.  This  well  struck  water 
at  20  feet. 

50  N.,  1950  W.  Total  depth  18  feet.  A.  T.  760.  This  well  is  through  gravel  into 
coarse  gravel.   The  water  is  very  hard  and  "furrs  the  kettle  right  up." 

Section  35. 

14.50  N.,  950  W.    Total  depth  6  feet.    A.  T.  7.52. 
1050  N.,  1950  W.    A.  T.  760. 

Verona  Township  (T.  16  X.,  E.  13  E.  L.). 
Section  6. 

1037  N.,  1476  W.  Probable  depth  63  feet.  A.  T.  750.  There  was  plenty  of  water  in 
this  well  for  30  head  of  cattle,  and  it  rose  nearly  to  the  top. 

Section  7. 

50  N.,  1950  W.  Total  depth  10  to  12  feet.  A.  T.  770. 
1180  N..  1950  W.   Total  depth  10  to  12  feet.   A.  T.  750. 

Section  11. 

1000  N.,  1000  W.    Depth  to  rock  50  feet,  total  depth  60  feet.   A.  T.  756. 
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Section  18. 

1950  N.,  ?  W.    Total  depth,  just  to  rock,  iO  feet.   A.  T.  770.    Mott.  owner. 
1000  N..  1950  W.   Depth  to  rock  iO  feet,  total  depth  about  85  feet.   A.  T.  712.  H. 
Wilcox,  owner. 

Section  19. 

890  N.,  170O  W.  June  2d.  1896.  See  record  from  J.  Coreyell,  see  also  analysis  of 
Badaxe  water  below.  These  wells  rose  to  11  feet  below  ground,  now  they  have 
to  raise  it  about  15  feet. 

About  300  feet  south  and  SCO  feet  E.  of  W.  %  post  of  Sec.  24.  on  Hanselman  street. 
Depth  to  rock  40  to  45  feet,  total  depth  200  feet.  A.  T.  760.  Waterworks  of  Badaxe. 
Very  pure  from  mineral  matter.   T.  49°  F. 

The  town  is  supplied  by  these  three  artesian  wells,  about  two  hundred  feet  deep, 
from  which  the  water  is  pumped  to  the  stand  pipe.  200  feet  l)igh.  The  record  turned 
in  by  Coreyell  below  may  be  from  one  of  these  wells  by  mistake  as  it  does  not 
match  that  of  the  400  foot  well  v/hich  it  was  supposed  to  be.  I  copied  the  original 
record  of  the  latter.  The  main  flow  is  at  about  20'3  feet.  During  the  summer  there 
was  some  complaint  of  the  taste  of  the  water,  and  I  was  shown  a  piece  of  wood 
which  was  said  to  have  come  up  from  the  well.  But  in  spite  of  my  tests  showing 
that  the  trouble  was  not  with  the  water  as  it  came  from  the  well,  it  seemed  wise 
to  send  oft  to  the  Agricultural  College  and  have  the  water  tested.  Two  samples 
were  sent.  No.  1  was  from  the  dead  end  of  a  water  main,  i.  e.,  beyond  any  water 
connection  to  a  house.  No.  2  was  from  a  pump  direct.  The  following  was  Prof. 
F.  S.  Kedzie's  report: 

"The  two  samples  of  water  sent  some  time  ago  have  been  very  carefully  ex- 
amined with  the  following  result: 


(In  grains  per  imperial  gallon.) 

No.  1. 

No.  2. 

Lansing  city. 

Total  solid  matter  ia  a  gallon  

23.45 

20.65 

19.00 

Organic  

7.00 

6.30 

4.00 

16.45 

14.30 

15.00 

5.9 

5.2 

13.00 

0.0024 

Slightest  trace. 

0.08 

Albuminoid,  degrees  of  

0.072 

0.048 

0.10 

(Lansing  City  water  given  for  comparison.)  We  consider  this  water  very  good, 
and  I  think  that  your  water  may  be  safely  placed  in  the  same  cUuss  If  not  better. 
We  are,  however,  always  troubled  with  bad  water  at  the  dead  ends  of  the  mains, 
and  find  it  necessary  to  have  the  pipes  frequently  flushed.  The  cause  for  the  bad 
smell  and  taste  given  to  the  water  by  standing  at  the  dead  ends  of  the  pipes  is 
thought  to  be  the  organic  matter  acting  on  the  sulphate  of  lime  contained  in  the 
water,  causing  the  liberation  of  Ho  S  in  the  water  which  gives  the  water  a  strong 
and  decidedly  unpleasant  smell  when  the  faucet  is  first  opened  in  the  morning. 
We  are  never  free  from  that  trouble  here,  and  probably  never  will  be,  so  long  as 
the  water  contains  the  lime  compound  and  the  amount  of  organic  matter  which 
seems  to  be  natural  to  most  of  our  Michigan  waters.  The  only  remedy  is  frequent 
flushing." 

The  Badaxe  water  does  not  contain  anything  like  as  much  Ca  SOi  as  the  Lan- 
sing certainly,  and  from  my  Inspection  I  am  inclined  to  attribute  the  difficulty 
more  to  the  rapid  growth  of  vegetable  matter  in  the  stagnant  ends  or  stand  pipe  in 
a  water  with  much  carbonic  acid.  But  the  well  water  is  extremely  pure.  It  will 
be  well  to  exclude  light  from  the  stand  pipe. 

Sand  Beach  Ave,,  White  Elm.   At  the  Morrow  House  there  is  a  shallow  well. 

Heisterman  and  Sand  Beach  Ave.   Post  and  Seelev's  bank. 

Sand  Beach  Ave.  and  Hanselman's  deep  well  at  Hubbard's  bank. 

Block  11,  Irwin  and  Hanselman  Street.    Skinner,  owner. 

Block  8.   There  is  a  deep  well  at  the  school  house. 

A.  T.  758.   Total  depth  40  feet.   This  well  is  at  the  R.  R.  Station.   This  well  is 
through  solid  clay.    "Clay  is  not  as  thick  on  hills  as  in  lowlands." 
E.  part  of  town.   Locke's  well  is  just  49  feet  to  rock. 

970  N.,  12  W.  Total  depth  4O0  feet.  A.  T.  757.  John  Sullivan,  driller.  This  well 
flows  a  strong  stream  3  feet  above  ground  at  the  rate  of  1  quart  per  second. 
Temperature  47°  F.  Lane  or  49°  F.  Davis.  The  two  thermometers  were  about  2° 
apart,  SO,  0,  CI  0,  Ca  slight  traces. 

Fifteen  feet  was  unaccounted  for  in  depth  to  rock,  probably  5  feet  of  muck;  also 
5  feet  unaccounted  for  in  the  total.  Size  of  hole  5%  inches.  This  I  copied  from 
original  record  which  was  hunted  uo  for  me.   Depth  to  rock  45  feet. 
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Muck  and  shell  marls  ? 

Clay   20 

GraveL    5 

(Glacial)  hardpan   5 

Sand  rock   30 

White  shale   5 

Sand  rock   30 

Lime  rock   8 

Sand  rock   30 

Lime  rock   10 

While  shale   27  190 

Here  is  said  to  have  been  the  main  flow  at  about  2(»  feet  or  175-200  feet  (i.  e..  bv 
record  190-215).  according  to  report  through  W.  L.  Webber  from  J.  Corevell  at  270 
feet  was  sandstone  with  a  strong  stream  of  water  rising  above  surface  "(probably 
read  207  for  270  feet). 

Thickness.  Total. 

Sand  rock   25 

Lime  rock   5 

White  shale   10 

Sand  and  lime   20 

Blue  shale   25 

White  shale   20 

Red  sand   5 

Black  lime   7 

Sand  rock   5 

Black  lime   5 

Gravel  and  sand  rock  (conglomerate)   3 

Blue  shale   15 

Lime  rock   5 

Sandy  shale   10 

Lime  rock   10  360 

White  shale   40  4C0 

John  Coreyell's  record  through  W.  L.  Webber,  dated  May  11,  1894.  This  is  evi- 
dently not  a  record  of  the  same  well  as  above,  although  it  was  supposed  to  be; 
it  may  be  one  of  the  city  waterworks  wells. 

Thickness.  Total. 

Gravel                                                         12  12 

Hardpan                                                     20  32 

Blue  clay                                                    7  39 

Gravel                                                          3  42 

Hardpan                                                      2  44 

Sandrock                                                    20  64 

Blue  shale                                                 36  100 

Sandy  shale,  blue                                       21  121 

Sticky  shale                                               22  143 

Sandy  shale                                                2  145 

Grey  sandrock                                           45  190 

Blue  shale                                                   7  197 


9o  I 

}^  I'  Upper  Marshall,  Xapoleon. 
153 


Port  Austin  sandstone 


250     Point  aux  Barques  sandstone  ' 


312  ;-  Grindstone  quarry  beds  ? 
317  I 

320  J  Bottom  of  Lower  Manhall. 
335 

340     Coldwater  shales. 


Cf.  letter  of  W.  L.  Webber,  Nov.  3d,  1896. 
1037  N.,  1963  W.   Total  depth  IS  feet.   A.  T. 
never  goes  dry. 
Hanselman  street.   A.  T.  760.  This  is  a  shallow  well  at 


At  the  Irwin  House.   This  well 
county  jail. 


Section  20. 

950  N.,  460  W.  A.  T.  76S.  This  well  is  on 
1050  N.,  50  W.   Total  depth  16  feet.   A.  T. 


This  well  went  dry  in  the  summer 


Section  21. 

1050  X..  1120  W.   Total  depth  16  feet.   A.  T.  765.   This  well  is  on 
and  gravel  knoll.   All  the  wells  around  here  are  shallow. 
950  N.,  500  W.   A.  T.  772.   This  well  contains  5  to  6  feet  of  water. 


Section  22. 

950  N.,  12S0  W.   Thomas  Rapson,  driller. 

1050  N.,  700  W.   Total  depth  20  to  22  feet.   A.  T. 

Section  25. 

1760  N..  0  W.   Depth  to  rock 


This  was  a  dug  well. 


feet,  total  depth  84.   A.  T.  812.   Sandstone  water. 


♦Totals  obtained  by  subtraction  from  400  feet  leaving  discrepancy  indicated  by 
45  =  50. 
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Soft  ion  20. 

lii.'iH  N.,  IJO  W.    Total  depth  K,  feet.    A.  T.  7S2.    D.  McCrea,  owner. 

A  T  T'7  'I'h.  re  are  shallow  wells  around  here.  Water  was  within  4  feet  of  sur- 
farr  Mil  .liinr  in.  18%. 

Scclioii  34. 

mm  N..  500  W.  Total  depth  10  feet.  A.  T.  TSO.  Two  or  three  w-ells  (one  of  them 
used  to  be  a  spiing:),  all  went  dry  in  the  summer  of  1S9.5. 

1060  N.,  50  W.  27  feet  deep.  A.  T.  S.31.  This  well  never  went  dry.  This  well  is  on 
top  of  a  hill;  near  by  are  unrtrained  hollows  on  the  hill,  and  water  standing  in  them. 

Section  35. 

460  N.,  1S50  W.    Total  depth,  perhap.-5.  .just  to  rock,  47  feet.    A.  T.  7nS. 

Sigel  Township  (T.  HiX  ,  R.  U  E.  L.). 

In  this  township  there  are  large  surface  deposits  >'f  snml  ..i-  gravel  in  connec- 
tion with  the  Forest  Beaches  so  that  deep  wells  li:i\^    ii  it   1  ii  found  necessary 

yet,  but  except  at  the  extreme  east  side  possibly  it  w.'l  li-  ,11  -ihlc  to  get  water  in 
the  sandstones  which  occur  in  the  first  hundred  fei  t  -m  i1;i  nihl-  riving  rock.  There 
will  be  no  flows  and  the  deeper  water  will  be  somcwii.ii  sali\.  In  this  township 
it  will  not  be  imprnved  by  going  deeper  as  in  Chamll.  r. 

Sand  Beach  Township  (T.  Ki  X.,  K  in  E  ). 

Section  5. 

100  paces  W.,  20  N. 

20  N..  100  W.  SO,  low.  Ca  low.  CI  strong.  Depth  to  rock  7.3.  total  depth  $2  feet. 
A.  T.  700.+   J.  Gerstenschlager's  well.    5  feet  shale  and  4  feet  solid. 

Section  18. 

40  rods  N..  40  roc»s  W.  SO,  low,  Ca  low,  CI  strong,  as  at  Cowpers.  Depth  to  rock 
48  feet,  total  depth  1(10  feet.  A.  T.  about  7.50.  This  well  passed  through  shale  6 
feet,  slate  2  feet,  limestone  2  feet,  shale  and  sandstone  42  feet.  R.  A.  Brown, 
ow  ner. 

250  N.,  230  W.  of  N.  W.  corner  of  19,  half  way  from  Brown's  to  Cowpers.  Ca  low, 
CI  med.,  SO,  low.    Depth,  just  to  rock,  22  feet. 

Section  19. 

N.  W.'  corner.  Ca  low,  CI  med..  SO,  low.  Depth  to  rock  6  feet,  total  depth  12 
feet.    A.  T.  750.    Cowper's  well,  with  6  feet  of  "grindstone"  rock. 

Section  25. 

640  paces  W.  of  Engert's,  Ca  low,  SO,  low,  CI  strong.  Depth  to  rock  SS  feet,  total 
depth  85  feet.  A.  T.  about  650.  Jacob  Layer,  owner.  There  was  a  layer  two  feet 
thick  of  sandy  shale. 

140  W..  SO  S.  of  N.  E.  corner.  Ca  low,  SO,  low,  CI  strong.  Depth  to  rock  54 
feet,  total  depth  57  feet.  A.  T.  about  640.  George  W.  Engert.  This  well  passed 
through  sandy  shale. 

Section  12.    L.    Haibor  lieacli. 

The  village  is  supplied  by  water  works  taking  water  by  lake  from  a  1200  foot 
conduit  near  north  end  of  breakwater,  described  in  Huron  Times.  Friday,  Sept. 
17,  1S97,  cost  $16,000.  Walker  system  of  water  supply.  Rock  is  soon  reached  and  is 
within  a  few  feet  of  the  surface  for  2  or  :!  miles  north  and  south. 

Two  deep  wells  have  been  put  down,  fully  reported  in  iirevinus  volumes,  and 
discussed  in  the  description  of  the  geological  column,  and  tlif  anahses  of  waters 
given  above. 

(1)  Depth  702  ,  715,  SOO  to  9O0,  See  Geol.  Survey  of  Mich.,  \<A.  Ill,  p,  1S4;  V.  p.  80. 
Sandstone  from  650-715. 

(2)  Geol.  Surv.  of  Mich..  V,  p.  SI.    Abstract  of  record: 


Coldwater  shales    1-50O  feet. 

Berea   black  shalr    .'.ijo-ijo:; 

Berea  grit    r,ii:;-t;i;4 

Bedford  and  KrU-  .-liales    Wi-KM 

Huron  black  shale    s,',u-li2o 

Traverse    i.         Ikmilton  shales  and  limestones..  1120-1725 

Encriiial  lini.  stnne?,  r,  feet  of  hard  rock  at   1400 

Held,  rlii-ry  limestone    1725-1920 
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Section  30. 

600  paces  N.,  700  W.  SO,  trace.  Ca  low,  CI  high.  Depth  to  rock  2i  feet,  total 
■depth  65  feet.  A.  T.  622. -H  S.  Lincoln,  owner.  Situated  3.34  miles  from  Sand  Beach 
on  lake  shore  road. 

1950  X.,  1400  W..  600  paces  E.  of  the  X.  W.  corner.  T.  16  N.,  R.  16  E.  Total  depth 
IS  feet.   A.  T.  602.   Robert  Brennan,  owner. 

660  S.,  400  TV.  of  the  N.  W.  corner.  Sec.  30.  T.  16  N.,  R.  16  E.  Depth  to  rock  16 
feet,  total  depth  22  feet.  A.  T.  fi22.-4-  SO,  lov,',  Ca  low,  CI  medium.  Ingall.  owner. 
This  well  is  through  sand  and  clay  to  rock,  then  in  2  feet  sandy  shale.  The  water 
is  not  so  hard  but  that  it  can  be  used  in  washing.  There  is  7  feet  of  water  in  the 
well.    This  well  is  situated  3.55  miles  south  from  Harbor  Beach  on  Lake  Shore  road. 

20«)  paces  E.  of  the  N.  W.  corner.  Depth  to  rock  30  feet,  total  depth  .50  feet. 
A.  T.  6S2.  SO,  low,  Ca  low,  CI  high  Davis.  Chas.  Keane.  owner.  This  well  Is 
through  sandy  shale. 

1S90  N.,  ISOO  W.   A  well  300  feet  from  road. 

Eairhaven  Township  (T.  17  N.,  R.  9  E.). 

Section  36.  Bavport. 

420  feet  W.  of  center  line,  946  feet  X.  of  center  line. 

135S  X..  11.59  W.  CI  med..  SO,  med.  Sp.  Wt.  1.0017.  Total  depth  32S.  A.  T.  ^90  ± 
Located  below  the  bluff  and  between  the  hotel  and  the  bay.  Water  was  found  in  a 
coai'se  grey  sandrock,  and  rises  above  the  surface  and  forms  a  flowing  well.  The 
temperature  of  the  flow  is  47°,  "uniform  winter  and  summer."  Analyzed  by  Prof. 
A.  B.  Prescott.    See  p.  136. 

1400  X..  1.500  W.   Total  depth  338  feet.    This  is  similar  to  the  one  above. 

Xear  the  W.  line  of  E.  V2  of  S.  W.  A.  T.  602.  Webber's  Xo.  3  well.  This  well 
passed  through  4%  feet  of  "firestone,"  so  called  because  used  for  hearths;  3%  feet 
limestone;  15  feet  sandstone,  sample  grey  white,  fine  grained  at  12  feet  9  inches; 
4  feet  sand  and  limestone,  light  '■cement  bed"  shale  and  sandstone;  23%  feet  shale 
with  occasional  mixture  of  sandstone. 

Laurence  Smith's  well.  Total  depth  30  feet.  These  wells  are  through  rock,  2^^ 
feet  surface.  10  feet  limestone.  4  feet  sandstone. 

StoU  s  well.  Depth  to  rock  IS  feet,  total  depth  40  feet.  Rock  powder  like  milk 
at  40  feet.  Cf.  records  above.  This  must  be  in  the  shale  formation  and  is  probably 
a  gypsum  streak. 

1075  X.,  520  W.  200  feet  X.  of  center  line.  A.  T.  612.  From  264  to  350  was  water 
bearing  sandrock;  from  350  to  453  "red  stuff,  stopped  in  it."-  Cf.  Sovereign's  well 
on  Sec.  30.   Lake  Tp.   There  is  another  report  of  the  same  well  as  follows: 

Depth  to  rock  about  30  to  .50  feet,  total  500  to  600  feet.  The  well  passes  through 
soapstone,  sandstone,  limestone  and  gypsum  and  shows  some  fool's  gold  (pyrite). 
At  25'  feet  they  struck  good  water  which  rose  to  within  2  feet  of  top  of  casing. 
The  first  rock  is  sandstone.  ^ 

1550  X.,  650  W.  Total  depth  SO  feet.  A.  T.  627.  This  well  begins  in  sandstone  at 
the  house. 

Depth  to  rock  20  feet,  total  depth  100  feet.   A.  T.  592  feet.   This  well  is  at  the 
engine  house. 
Depth  to  rock  30  feet.   A.  T.  602.   This  is  at  the  barn. 
Pyrite  was  found  near  Bayport  at  44^2  and  at  94V2  feet. 
All  the  above  wells  were  on  L.  P.  Mason's  place. 

665  feet  X.  of  center  line  and  660  feet  W.  of  center  line.  1250  X.,  1250  W.  Depth  to 
rock  3  feet,  total  depth  15  feet.  A.  T.  600.  This  well  is  said  to  be  in  sandstone, 
but  from  outciops  near  by  probably  also  passes  into  limestone.  The  analysis  is 
Xo.  10,  by  Prof.  R.  C.  Kedzie,  given  on  p.  136.  It  is  the  Bayport  springs  as  adver- 
tized, under  the  Arbor. 

640  X.,  50  W.  Total  depth  6  or  7  feet.  A.  T.  630.  This  well  is  in  rock  and  can  be 
dipped  dry. 

2ii'.'  X..  M  W.    A   T.  625.    This  well  is  to  rock,  but  it  is  shallow. 

12,>'  X.,  ab.jiu  1350  W.  At  Bayport  R.  R.  station.  About  19  feet  deep.  This  well 
has  been  anah  zed  by  Prof.  Prescott,  analysis  Xo.  9  on  p.  136;  it  is  somewhat  more 
strongly  mineralized  than  the  Bayport  springs  and  being  a  little  deeper  probably 
penetrates  the  limestone  more. 

900  X.,  250  W.  Depth  to  rock  0,  total  depth  47  feet.  A.  T.  593  (11.16).  This  is  W.  L. 
Webber's  Xo.  4  well. 

10^2  feet  of  fire  stone  (as  in  hole  Xo.  3.  and  the  stone  in  the  railroad  cut.  used 
by  early  settlers  instead  of  fire  brick  for  lining  their  arches,  whence  the  name), 
15  feet  sandstone.  SVi  feet  superior  coarse  sandstone,  IV2  feet  shale,  7  feet  whetstone 
(fine)  for  honestone,  4^4  feet  shale.  This  hole  begins  very  close  under  the  out- 
crop of  Lithostrotion  beds  near  by.   Sp  19170-19173. 

Caseville  Towiiship  (T.  17  X.,  R.  10  E.  L.). 
Section  1. 

1260  X.,  1950  W.   This  well  is  about  17  feet  deep  and  is  not  cased,  but  has  plentv 
of  water.   SO,  probably  strong.   Cf.  Sec.  2. 
50  X.,  540  W.   Total  depth  16^;  feet.   A.  T.  600.   The  water  is  not  saltv,  but  gives 
,  a  white  kettle  scale.   CI  low,  SO,  trace. 

50  X..  15S0  W.   A.  T.  610.   Owner.  J.  A.  Holmes.  » 
SOO  X.,  1950  W.   Depth  to  rock  20  feet,  total  depth  17S  feet.   A.  T.  607.   J.  Adams, 
owner;  Mozier  and  Erb  and  later  D.  Bullock,  drillers.   At  93  feet  they  struck 
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sally  water  and  at  9G  feet  ffas  indications.  Bullock  cased  to  112  feet  and  at  178 
feet"  found  fresh  water.    Tliis  is  tin-  liouse  well. 

The  one  at  the  barn  is  du.;?  24-2i;  feet,  then  tubed.  The  first  water  is  probably 
at  20  feet  or  2',  feet.    Cf.  Liljln  's  well  across  the  way. 

Section  2. 

SOO  N  .  50  W.  SO.,  probably  strong-.  Total  depth  (just  to  rock?)  21  or  23  feet.. 
A.  T.  fiOfl.    Lihby,  owner.    This  well  is  "to  plaster  rock."  ^ 

ISOO  N..  .50  w:  SO,,  stron.?.  Total  depth  14  feet.  A.  T.  60S.  J.  Gardner,  owner. 
This  well  is  to  rock. 

Section  10. 

50  N.,  2S0  W.  There  is  no  SOt  in  the  water.  Total  depth  32  feet,  dug  S  feet  and 
drilled  22  feet.   A.  T.  617.  .  „ 

740  N.,  50  W.   SO4  strong-.    Depth  to  rock  22  feet,  total  depth  261,4  feet.    A.  T.  61(. 

Section  11. 

50  N.,  .500  W.    A,  T.  617.    This  -  -  _  .  . 

depth  about  30  feet.   14  or  15  fee 

Section  12. 

Around  here  it  is  26  to  30  feet  to  rock.    At  10  feet  the  water  shows  SO,  0  an'd  at 
23  feet  SO,  trace. 
50  N..  1400  W.    Total  depth  of  well  9  feet.    A.  T.  612. 

200  N..  13O0  W.   Total  depth  16  feet.   A.  T.  612.   This  is  not  a  drilled  well. 

50  N..  240  W.  SO,  strong  and  CI  strong.  Total  depth  27  feet.  A.  T.  619.  This 
well  -was  bored  with  an  auger,  and  the  water  came  up  with  a  rush  when  it  struck 
rock.   There  was  16  feet  of  water  in  the  well. 

Section  13.  (Hayes.) 

1460  N..  19.50  W.  A.  T.  612.  r.  P.  Leipprandt,  owner.  Depth  to  rock  30  feet,  total 
depth  .55  feet.    This  water  is  not  salt  to  taste  but  contains  SO,  strong. 

1500  N..  1900  W.  Depth  to  rock  2S  feet  total  depth  100  feet.  A.  T.  610.  The  water 
is  very  salt  to  taste  and  is  also  strong  of  SO,.  The  owner  makes  his  own  family 
salt  and  frees  it  from  iron  bv  setting  it  in  the  sun  for  24  hours. 

1580  N..  1900  W.  SO,  0.  not  salty  tasting.  A.  T.  610.  This  is  a  flowing  well.  Total 
depth  278  feet.  At  about  228  feet  verv  white  sandstone.  It  is  cased  for  260  feet. 
Three  davs  of  north  wind  will  make  the  head  rise  a  foot,  and  three  days  of  south 
wind  will  make  the  head  fall  a  foot.  This  is  a  more  than  usually  accurate  ob- 
servation, as  Mr.  Leipprandt  is  an  observer  of  the  State  Weather  Service. 

.50  N..  540  W.  SO,  strong,  CI  med.-t-  Total  depth,  .iust  to  rock,  25  feet.  A.  T.  620. 
W.  Steinmaiin.  owner.  Sp.  Wt.  1.O05.  The  water  in  this  well  stands  at  five  feet 
from  the  surface. 

19.50  N..  1300  W.    This  well  is  not  drilled.    A.  T.  615. 

19.50  N..  .560  W.    Total  depth  about  30  feet.    A.  T.  617.    This  is  a  dug  well. 
19.50  N..  240  W.    A.  T.  619.    This  well  is  slightly  mineral  and  is  16  feet  deep. 

Section  11. 

600  N..  1950  E.  The  water  is  hard,  SO,  strong.  Total  deoth  20  feet.  A.  T.  619. 
This  well  is  at  barn  and  was  dug. 

There  is  a  well  at  the  house  which  is  only  12  feet  deep  and  the  water  is  not  so 
hard. 

600  N.,  1700  E.  Total  depth  52  feet.  This  well  was  dug  for  19  feet  and  passed 
into  two  feet  of  blue  -clay. 

1840  N.,  llOO  W.  SO,  strong.  Total  depth  26  feet.  A.  T.  617.  Geo.  Anderson,  owner. 
This  well  was  dug  for  16  feet  and  drilled  for  10  feet. 

100  N.,  400  W.  CI  med.  Total  depth  35  feet.  A.  T.  617.  This  well  was  drilled 
for  some  16  feet.    Chas.  Stewart,  owner. 

150  N.,  400  W.    SO,  low,  CI  low.    Total  depth  40  feet.    This  well  was  hand  drilled. 

940  N.,  50  W,  This  water  is  good.  Total  depth  12  feet.  A.  T.  617.  M.  C.  Gregors-, 
owner. 

Section  15. 

19.50  N.,  420  W.   A.  T.  617.   This  water  is  not  very  good.    Depth  of  wells  6  and 

11  feet.  « 

Section  16. 

S  1-  of  N.  W.  14  of  S.  E.  14.   This  is  a  salt  spring  found  by  F  Lawrence. 
50  N.,  7S0  \V.    CI  strong,  SO,  strong.   Total  depth  IS  feet."  A.  T.  600.    They  found 
gypsum  in  digging  this  well,  Sp.  19159. 

Section  21. 

50  N.,  7S0  W.  A.  T.  612.  This  is  a  shallow  well  and  the  water  is  about  6  feet  be- 
low surface.   Another  well  near  by  has  SO,  0.   Total  depth  about  27  feet. 

There  is  a  well  7  feet  deep  at  the  house  and  one  11  feet  deep  at  the  barn  which 
contains  only  two  feet  of  water.  It  is  said  to  be  37  feet  from  ground  to  bed  rock 
hereabaut.s. 

SSO  N.,  50  W.    SO,  strong.    Total  depth  40  feet.    A.  T.  G19.    This  well  was  dug 

12  feet  and  drilled  to  40  feet. 
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Section  22. 

1240  N.,  1950  W.    Total  depth  9  feet.    A.  T.  620.    T.  D.  Smith,  owner. 

1760  N..  1950  W.  Total  depth  about  40  feet.  A.  T.  620.  This  well  was  dug  20  feet 
and  drilled  the  rest  of  the  way. 

1050  N..  13n<-)  W.  Depth  to  rock  30  fcpT,  u.t:\]  fl-i.th  242  feet.  A.  T.  619.  This  well 
has  about  50  feet  of  casing.    There  u^,,,!   -^nrf  .ff  water  at  28  feet,  but  the 

water  now  is  saltv.  Hon.  J.  J.  Murdot  k  ■■ww  v  A\  th.-  bottom  of  this  well  there 
is  anout  40  feet  of  white  sandstone:  i;  ;iN(p  pa-ses  trjrnuyh  limesfne  and  soap- 
stone  but  grav  and  white  sandstone  ar.-  suiiposed  to  make  up  half  the  depth. 
The  water  would  be  better  if  tightly  cased  200  feet. 

1050  N..  1S20  W.    Total  depth  6  feet.    A.  T.  610.    This  is  a  dug  well. 

1S4<>  X..  ]42<i  W.  Total  depth  3  feet.  A.  T.  610.  This  is  a  spring  on  the  side  of  the 
well  marked  stream  valley. 

1950  N.,  .50  W.    A.  T.  m^i.    This  well  is  10  to  20  feet,  and  is  a  dug  well. 

400  N..  .50  "U'.  A.  T.  GIT.  SO4  trace.  O)  73  feet  deep.  There  was  six  or  seven 
inches  of  hard  rock  struck  in  this  well,  which  was  drilled  with  hand  drill.  It 
must  be  right  in  a  channel.    (2)  Total  depth  50  feet. 

Section  23. 

N.  E.  quarter  of  N.  W.  quarter.  1700  N.,  1050  W.  SO,  strong.  CI  strong.  Sp.  Wt. 
1.009.  Total  depth,  just  to  rock(?),  50  feet.  A.  T.  617.  J.  Newman,  owner.  This 
well  was  put  down  in  July.  1896. 

1750  N.,  at  the  barn  there  is  a  well  40  feet  deep.  The  water  contains  SOi  med., 
CI  med. 

400  N..  1950  W.   Total  depth  IS  feet.   11  feet  of  this  was  drilled.   A.  T.  617. 
S.  E.  quarter  of  S.  E.  quarter,  50  N.,  200  W.   A.  T.  617.   The  water  is  salt,  CI  med., 
SO4  med. 

1400  N..  50  W.  SO,  strong,  CI  low.  Total  depth  50  feet.  A.  T.  617.  D.  Schubach, 
owner. 

Section  24. 

400  N.,  50  W.  SOj  trace.  Total  depth  12  feet.  A.  T.  623.  This  well  contains  fresh 
water.   Schram,  owner. 

Section  25. 

1950  N..  960  W.  SO,  strong,  CI  strong.  Total  depth  about  42  feet.  A.  T.  622.  This 
well  was  dug  for  10  feet  and  42  feet  drilled  by  hand.  A  strip  of  country  I2  mile  N. 
and  S.,  and  more  than  a  mile  east  and  west  has  yielded  bad.  i.  e.,  salty  and  sul- 
phated  water. 

1950  N..   1360  W.     Total   depth   40  feet.    A.    T.   about   620.    (1)   Cf.    This   is  salt 
(said  to  be  the  most  so  in  this  area).    (2)  Depth  14  feet,  said  to  be  fresh. 
1.580  N.   1950  W.    A.  T.  61S.    This  water  is  saltv.    Total  depth  49  feet. 
800  N.,  1950  W.    SO,  strong,  CI  low.    Total  depth  42  feet. 

Section  26. 

840  N..  1950  W.  SO,  strong.  Total  depth  14  feet.  A.  T.  617.  J.  Barr,  owner. 
There  were  large  blocks  of  gypsum  found  in  the  drift. 

400  N..  1850  W.    Total  depth  40  feet.    A.  T.  620.    Old  drilled  well  now-  closed  up. 

(2)  This  well  was  dug  IS  to  20  feet  and  is  now  down  to  25  feet  and  is  to  be  drilled 
farther.  In  the  drift  a  loose  piece  of  pvritiferous  rock  with  spirifers  was  en- 
countered (some  of  the  Soule  limestone)  hand  drilled. 

800  N..  .50  W.    SOi  strong,  CI  low.    Total  depth  .51  feet.    A.  T.  620. 

Section  27. 

A.  T.  621.   Harry  Barr.  owner.   Gypsum  was  found  at  25  to' 30  feet. 

Section  28. 

280  N.,  1950  W.    SO,  strong.    A.  T.  622.    This  is  a  dug  well. 
950  N..  1860  W.    SO,  strong.    A.  T.  617. 

750  N.,  1200  W.    SO,  strong.    Total  depth  50  feet.    A.  T.  620.    J.  P.  Smith  owner. 
This  well  was  dug  for  10  feet,  and  drilled  for  40  feet. 
950  N.,  120  W.    SO,  0.    A.  T.  620.    This  is  a  shallow  well  at  house. 
1100  N.,  1050  W.   A.  T.  619.   8  feet  deep  at  house. 

1100  N.,  1150  W.   Total  depth  less  than  40  feet.   A.  T.  619.   This  well  is  in  quick- 
sand and  is  both  dug  and  drilled. 
950  N.,  1300  W.    Total  depth  8  feet.    A.  T.  620. 

1050  N.,  1200  W.    SO,  trace.    A.  T.  622.    This  is  a  dug  well  IS  feet  deep. 
1050  N..  1300  W.    Total  depth  37  feet.    A.   T.   620,   This   well  passed   through  a 
boulder  3  feet  thick  with  quicksand  beneath. 

Section  29. 

50  N..  400  W.    Total  depth  17  to  IS  feet.    A.  T.  620. 

980  N.,  50  W.  Total  depth  40  feet.  20  feet  dug  and  20  feet  drilled.  A.  T.  612.  This 
w-ell  had  a  great  flow.  The  water  was  very  hard  and  not  good  for  cooking.  SO, 
strong. 

950  N.,  1350  W.    SO,  low.    Total  dipth  20  feet,  not  to  rock,  in  blue  clay.   A.  T.  607. 

Section  30.  (Old  Bajpoit.) 

Depth  to  rock  7  feet,  total  2,000.    A.  T.  .590 
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See  analysis  on  p.  13G;  about  550  feet  below  surface  it  is  stopped  off.  and  the 
head  is  +15  feet  or  20  feet;  at  600-700  the  head  is  even  greater,  +25  to  30  feet,  but 
the  water  is  charged  with  salt. 

Total  depth  2000.  This  is  the  Old  Bayport  well  and  is  over  2000  feet  deep.  It  was 
cleaned  bv  J.  Coreyell.  W.  L.  Webber.  Dec.  .3,  '97,  reports  that  in  1873-74  the  well 
was  put  down  for  salt.  It  failed  soon  after  and  W.  L.  Webber  bought  the  property. 
John  ("ore veil  redrilled  it  and  got  him  to  recaae.  At  500-800  feet  there  was  a  flow 
so  strong  as  to  equal  32  feet  head.  At  present  the  head  is  almost  10  feet.  When 
stopped  off  at  750  feet  according  to  one  account,  it  was  still  salty,  when  stopped 
off  at  ,500  to  550  though  it  was  strongly  mineral  il  was  not  salt.  This  is.  therefore, 
probably  near  the  line  between  Upper  and  I.ow.  r  Marshall.  J.  Coreyell  reports 
the  record  to  be  about  the  same  as  at  Cas,  \iil,'.  l>ui  with  more  limestone,  as 
follows:    (From  memory.) 

Feet. 

To  toj)  of  rock    7 

Limestone    3-4 

Very  hard  lim.estone.  then  sandstone   12-15 

Very  large  flow  of  water    2.50-260 

Beginning  of  135  feet  of  sandstone  (Napoleon  L.)  ..  270-280 

At  600  perhaps  a  streak  of  plaster  (probably  not.  he  is  thinking  of  the  Saginaw 
valley.  L.). 

At  900.   Only  10  feet  of  salt  rock  which  pinched  out  as  compared  with  Caseville. 
(Conglomerate  I  of  Point  aux  Barques  lighthouse?  L.) 
At  1900.    Stopped  in  shale  with  no  sufficient  flow  of  brine. 

Section  31. 

9.50  N..  1440  W.  Total  depth  15  feet.  A.  T.  622.  This  well  is  through  solid  clay. 
S.  M.  Fuller. 

950  N.,  1000  W.    This  is  a  similar  well,  John  Severn. 

260  N.,  20  W.  Total  depth  61  feet.  A.  T.  63).  There  are  5  feet  of  sandstone  at 
the  bottom  of  this  well,  limestone  at  top,  water  20  feet  from  top  of  ground.  There 
are  five  other  wells  on  this  place.   Cf.  records  of  Sec.  5,  T.  16  N..  R.  10  E. 

Section  32. 

50  N.,  900  W.    A.  T.  637.    This  well  has  good  water. 

20  N.,  300  W.  This  well  is  about  10  feet  deep.  There  is  4  feet  of  sand  in  the  well, 
the  rest  is  clay  and  the  water  is  poor. 

50  N.,  1600  W.  Depth  15  feet.  A.  T.  630.  This  well  is  through  clay?  and  contains 
water  all  the  year. 

50  N..  1360  W.    Total  depth  10  feet.    A.  T.  630.    This  well  runs  dry. 

1950  N.,  400  W.  Depth  to  rock  48  feet,  total  62  feet.  A.  T.  626.  Plenty  of  water, 
but  SOi  strong.  This  well  is  owned  and  drilled  by  Byron  Lutson.  The  water  is 
said  to  come  up  white  and  creamy. 

1050  N.,  1420  W.   A.  T.  626.    This  well  is  not  drilled. 

10.50  N.,  800  W.    SO,  trace.    This  well  is  not  to  rock  at  40  feet  depth.    A.  T.  625. 
It  was  dug  20  feet  and  had  12  feet  of  water  in  it. 
10.50  N.,  800  W.    SO,  strong.    Depth  to  rock  40  feet,  total  depth  50  feet.    A.  T.  625. 

Section  33. 

1050  N..  1440  W.    SO4  0.    A.  T.  622. 

950  N.,  1440  W.    Total  depth  7  feet.    A.  T.  622. 

50  N.,  1700  W.  A.  T.  645.  This  was  a  new  well  July  24.  1895.  At  41  feet  it  stopped  in 
quicksand. 

Section  34. 

.50  N.,  320  W.  Total  depth  to  rock  35  feet.  A.  T.  622.  SO,  med.  Much  white  kettle 
scale.  This  well  used  to  flow.  The  water  comes  in  the  rock.  This  well  was  hand 
drilled. 

Section  35.  (Berne). 

2  miles  north  of  Moeller  of  2-16-10.  i.  e.,  N.  W.  of  35.   A.  T.  622. 

"There  is  plenty  of  water  and  it  rises  to  the  top  of  the  well.  This  well  w^as  dug 
8  feet,  and  drilled  20  feet,  into  a  cement  rock  like  soapstone  blue  and  soft,  the 
blue  soapstone  was  on  top  of  the  water-bearing  rock." 

1300  N.,  1950  W.    Total  depth  10  feet.    A.  T.  620.    This  is  not  a  drilled  well. 

.50  N.,  800  W.    Total  depth  about  50  feet.    A.  T.  627. 

50  N.,  800  W.  This  well  is  about  35  feet  deep.  A.  T.  627.  There  is  plenty  of  water 
just  above  rock,  at  28  to  30  feet  in  Berne  village  near  south  quarter  post. 

A.  T.  627.  Depth  29  feet  and  cased.  H.  Dominis,  owner.  Well  at  mill  75  to  SO 
feet  deep. 

1200  N.,  .50  W.  SO,  med.,  CI  trace.  Total  depth,  just  to  rock,  39  feet.  A.  T.  627. 
This  well  is  hand  drilled. 

860  N.,  50  W.  Depth  to  rock  30  feet,  total  depth  34  feet.  A.  T.  627.  The  water 
rises  to  about  7  feet  below  surface. 

Section  36. 

13S0  N..  .50  W.    Total  deoth,  just  to  rock.  43  feet.    See  See.  .36-17-10.    A.  T.  632. 
.50  N.,  900  W.    Total  depth,  just  to  rock.  35  feet.    A.  T.  636.    The  water  rises  to 
within  two  feet  of  the  ground. 
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This  is  a  similar  well,  at  the  house,  which  used  to  flow. 
SO4  0.  Depth  to  rock  70  feet,  total  depth  78  feet.  A.  T. 
2.  (1)  Is  a  shallow  well  at  the  house.  (2)  At  25  feet  struck  a  rock  but  did  not 
rike  rock  "for  good"  until  70  feet. 

Chandler  Townsliii)  (T.  17  X..  E.  11  E.  L.). 

found  .sypsutn  from  70  to  72  feet,  and 

left  off  in  it.   Cf.  Sec.  - 

Section  2. 

0  N.,  so  W.    Total  depth, 
0  N.,  1320  W.    SOi  none.  C 
ably. 

Section  3. 

2000  N..  1640  W.    A.  T.  627.    SO,  low  i  M  trace.=.    D.  Wm.  Riddle,  owner. 

Total  depth  64  to  6S  feet.   Abundant  -  •  r. , 

1900  N..  600  W.    SO4  trace,  Ca  and  1  -•■nt.    D.    Depth  to  rock  29  feet, 

total  depth  275  feet.   A.  T.  627.   J.  I-  ■  r.    Wm.  Church,  driller.  This 

well  was  drilled  in  1S95  and  water  i;--  ;  .  ii  -iu  10  feet  of  surface.  This  well 
passes  through  sandstone  rocks,  not  vti.v  (liilL'r,.iit  all  the  way  down. 

1900  N.  Depth  to  rock  20  feel,  total  depth  2213  feet.  Thi.*  well  is  in  the  same 
vicinity. 

Section  4. 

'  X  \V.    A.  T.  632. 

5'i  -X.,  ;  '  \\  .    A.  T.  6M.    SOi  0.  CI  trace. 

N..  1:11  \\  .    A.  T.  640.    This  is  a  shallow  surface  well  on  an  S  foot  ridge. 
1950  N.,  164u  W.    Depth  to  rock  40  feet,  total  depth  1S.5  feet.    A.  T.  620.  Sandstone 
was .  struck  at  about  SO  feet.    CI  0.  SO,  low.   The  water  rises  to  within  2  feet  of 
the  surface,  at  130  feet  it  stood  6  feet  abox  e  the  surface. 
1950  N.,  S20  W.    Total  -depth  46  to  56  leet. 

Section  5. 

50  N..  1440  W.    A.  T.  627.    This  is  a  well  that  thev  dip  water  out  of. 

50  N.,  260  W.  (1)  CI  low,  SO,  0.  A.  T.  627.  Total  depth  23  feet.  (2)  CI  med..  SO* 
low.  Depth  to  rock  23  feet,  total  depth  60  feet.  This  well  was  dug  23  feet  and  then 
hand  drilled.  (3)  SO4  low.  CI  low.  This  well  fell  into  the  one  above.  It  was  down 
to  sandstone  and  the  water  rose  four  feet  from  the  surface. 

1000  N.,  50  W.  Depth  to  rock  about  20  feet,  total  depth  about  90  feet.  A.  T.  620, 
This  well  is  at  the  school  house. 

200  N..  1700  W.  A.  T.  620.  CI  strong,  SO4  brackish,  and  so  is  a  spring  nearly  on 
the  section  line.    This  well  is  about  25  feet  deep.    T.  B.  Woodworth,  owner. 

Section  G. 

1950  N.,  820  W.    SO4  0.    Total  depth  23  feet.    A.  T.  612. 

19.50  N.,  220  W.    This  well  is  not  drilled  and  is  onlv  12  feet  deep.    A.  T.  612. 
400  N.,  0  W.    A.  T.  615.    This  is  a  salt  spring. 

50  N..  600  W.    CI  0.  SO4  trace.    A.  T.  615.    Total  depth  IS  feet.    This  is  a  persistent 
spring  and  has  plenty  of  water. 
50  N.,  1S40  W.    A.  T.  615. 

Section  7. 

1950  N.,  13S0  W.  Total  depth  303  feet.  A.  T.  617.  CI  strong,  SO4  strong.  This  well 
has  250  feet  of  IV2  inch  casing,  which  is  leaky  and  lets  the  salt  down  on  the  sand- 
stone, but  the  water  is  fresher  after  pumping.  James  McCoubrie.  owner.  Drilled 
by  O.  &  W.  Church. 

At  303  feet  there  was  grindstone,  and  white  stuff 
was  struck  at  top  of  rock,  and  there  was  also  a  sniel 
was  25  feet  of  white  sandstone. 

19.50  N.,  1000  W.  A.  T.  620.  This  is  a  dug  well  S  feet  deep  and  contains  plenty  of 
water. 

1950  N.,  1700  W.    A.  T.  617. 

Section  8. 

SOO  N.,  1950  W.  CI  low,  SO4  strong.  Total  depth  30  feet.  A.  T.  622.  E.  Gericke, 
owner. 

1950  N.,  1740  W.    SO,  low.    This  well  is  IS  feet  deep.    A.  T.  627. 
1950  N..  1200  W.    CI  low,  SOi  strong.    Total  deoth  2.";  feet.    A.  T.  622. 
1950  N.,  500  W.    Total  depth  24  feel.    A.  T.  627. 

1900  N.,  425  W.    SO4  strong.  CI  low.    This  well  has  a  strong  flow  and  its  tempera- 
ture is  491/2°  F.    Total  depth  IS  feet.    A.  T.  625. 
740  N.,  cO  W.    A.  T.  640.    This  is  a  dug  well. 

Section  9. 

1950  N.,  ISOO  W.    CI  low,  SO,  trace.    A.  T.  630. 
1950  N.,  1400  \V.    Total  depth  24  feet.    A.  T.  635. 

3500  N..  50  W.  A.  T.  642.  This  well  is  32  feet  deep  and  is  drv  sometimes  because 
it  has  only  surface  soakage. 
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SO<  mod.   This  is  a  surface  well  at  the  house.   There  is 

le  barn. 

Section  10. 

N  E  Cor  of  N  K  quarter  of  Spo.  in.  ptli  to  rock  Zl  feet,  total  depth  40  feet. 
A   T.  657.    John  Quinn.  owner:  .A_.  W _  n  iji-^-n    ^iiiller.    This  well  was  dug  to  rocK 

through  hard  blue  clay.    The  rnck  is  ^.  .    .      .  ™ 

1900  N.,  1400  W.   (about).    Depth  to  n  i.  k  ::.   i^.t.  T.,ial  dt-pth  3,  feet.    A.  T.  6o0. 

Ca  low.  CI  none,  Sd  low.  Fc  present  in  consi.l.  ralile  amounts.  D. 

1500  N..  1950  W.    CI  low.  SOi  strong.    A.  T.  644. 

Section  11.  •  ~ 

760  N..  100  W.    Total  depth  30  feet.    A.  T.  645.    This  well  is  in  clay. 

Section  14.  ' 

2O00  N.  420  W.  Depth  to  rock  40  feet,  total  depth  97  feet.  A.  T.  G13.  A.  Malphus 
owner.  There  is  sandstone  or  soapstone  then  w:itei'.  SO,  o.  Ca  and  CI  low,  Fe 
present.  D.  There  is  a  dug-  well  at  the  sanif  place  in  clav.  IS  feet  deep.  SOi  none, 
Ca  and  CI  less  than  in  deep  well.    No  Fe.  D. 

50  N..  1400  W.  Total  depth  12  feet.  A.  T.  020.  There  is  said  to  be  a  spring  in 
the  bottom  of  this  well. 

Section  16. 

W  '/i.  Depth  to  rock  12  feet,  total  depth  217  feet.  A.  T.  640.  At  SO  feet  a  dark 
water  was  cased  off.    It  is  possible  that  this  well  should  be  in  T.  17  N..  R.  12  E, 

700  to  1200  N..  1900  W.  SOi  strong.  Total  depth  33  feet  to  rock.  A.  T.  640.  This 
is  like  Maxwell's  well  on  Sec.  17. 

1950  N..  800  W.  CI  low,  SO^  strong.  Depth  to  rock  35  feet,  total  depth  i4  feet. 
A.  T.  615.  (1)  This  well  was  drilled  by  Hartman  and  Hill  of  Bayport.  (2)  This  is  a. 
dijg  well. 

Section  17. 

50  N..  920  W.  BOi  strong.  CI  med.  Total  depth  26  feet.  A.  T.  636.  Alex  Maxwell. 
Water  burst  in  at  the  bottom  of  this  well. 

?  N..  100  W.  A.  T.  640.  Frank  McArdle.  owner.  This  is  the  same  in  quality  as. 
Maxwell's  well. 

Section  18. 

50  N.,  640  \y.    A.  T.  627.    This  is  a  surface  well. 

1950  N.,  1620  W.  SO4  strong,  CI  strong.  Depth  to  rock -2S  feet,  total  depth  2S  feet. 
A.  T.  620. 

Section  19. 

1950  N..  640  W.    A.  T.  627.    Total  depth  about  16  feet.    This  is  a  surface  well. 
50  N.,  S.  %  of  S.  E.  1/4  of  Sec.  19.    Total  depth  40  feet.    A.  T.  627.    This  well  Is 
hand  drilled  and  the  water  is  bad,  i.  e..  strongly  sulphated.    Fisher,  owner. 

Section  20. 

200  N.,  50  W.    SOi  0.    This  well  is  dug  and  is  14  feet  deep.    A.  T.  642. 

1950  N.,  920  W.  SO4  strong,  CI  med..  "like  the  well  in  Sec.  17."  About  26  feet  to 
rock,  total  depth  about  26  feet.   A.  T.  636.    J.  Drummond.  owner. 

1990  N.,  1920  W.  Depth  to  rock  about  20  feet,  total  depth  about  20  feet.  A.  T.  626. 
Thos.  Maxwell,  owner.   This  well  is  similar  to  A.  Maxwell's  on  Sec.  17. 

Section  21. 

1000  N.,  1950  W.  Total  depth  about  .=0  feet  to  rock.  This  is  a  dug  well,  but  was 
once  drilled.    It  has  no  water  now. 

1950  N.,  780  "V^".  Total  depth  24  feet.  A.  T.  640.  This  is  a  dug  well.  There  are  no 
drilled  wells  nearby. 

Section  23. 

240  N.,  1060  W.  Total  depth  214  or  21?  feet.  A.  T.  640.  Mrs.  Harvey,  owner.  Mozier, 
driller. 

Section  24. 

1440  N.,  1050  SOi  trace,  CI  low.  Depth  to  rock  12  feet,  total  depth  100  feet. 
A.  T.  632.  At  12  feet  a  thin  bedded,  blue-brown,  slightly  bituminous  fetid  fossilifer- 
ous  limestone  or  cement  rock,  as  seen  in  creek,  was  struck;  below  this  was  soap- 
stone  rock  (arenaceous,  blue,  ripple-marked,  micaceous  shale)  and  about  14  feet  of 
sandstone  at  the  bottom,  S6  to  100  feet,  i.  e.,  the  Napoleon  or  Upper  Marshall. 

1300  N..  1050  W.  CI  0,  SOi  low.  Depth  to  rock  about  20  feet,  total  depth  225  to 
250  feet.   A.  T.  640. 

950  SO4  m.ed.+  CI  low.  Depth  to  rock  20  feet,  total  depth  SO  feet.  A.  T.  620. 
This  is  Mr.  Cody's  old  well  which  was  only  14  feet  deep  at  first.  It  passed  through 
a  few  feet  of  (limestone)  cement  rock,  then  soapstone.  and  goes  only  about  2  feet 
in  sandstone. 

340  N.,  950  W.  A.  T.  642.  (1)  Total  depth  about  2W  feet.  This  well  has  20  to  22 
feet  of  casing.    It  passed  through,  first,  plaster  rock,  then  mainly  all  white  sand- 
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stone.  This  well  was  at  first  drilled  to  133  feet  and  it  flowed  freely  at  this  depth, 
but  when  1.  Heaton's  well  "broke  loose"  two  years  ago.  on  Sec.  26.  this  well  went 
dry.    (2)  A  dug  well  nearbv  showed  plaster  (gypsum). 

50  X..  1060  W.  SOt  med.^  CI  trace.  Total  depth  100  feet.  A.  T.  642.  This  well 
has  15  'to  22  feet  of  casing. 

50  N.,  1070  W.  Total  depth  22  feet.  A.  T.  642.  The  water  in  this  well  is  much 
harder. 

Section  25. 

E.  half  of  S.  W.  quarter.  Depth  to  rock  20  feet,  total  depth  25  feet.  A.  T.  662. 
S.  Shaw,  owner. 

-10<i  N..  am  W.  Total  depth  26  feet.  A.  T.  about  662.  This  well  was  dug  and 
blasted  through  plaster. 

4<X»  N.,  950  W.  Total  depth  177  feet.  A.  T.  662.  This  is  good  water.  It  will  make 
a  suds,  but  the  water  is  hard. 

700  N.,  1050  AY.    Total  deoth  40  feet.    A.  T.  660. 

750  N.,  950  W.  Derith  to  rock  20  feet,  total  depth  140  feet.  A.  T.  660.  This  well  used 
to  flow  but  now  the  water  comes  close  to  the  top.  When  it  flowed  the  water  was 
softer.  This  is  significant  probably:  the  flow  came  from  the  Napoleon,  the  Upper 
Marshall  sandstone,  and  dissohed  more  or  less  gypsum  on  the  way. 

1950  N..  o'lii  \V.  A.  T.  O'l'i.  This  is  probablv  a  drilled  well,  the  water  rose  to  the 
surf:n-^-. 

X  ■  'A"  I'l  ;mw.  T-trd  depth,  lust  to  rock.  ?  60  feet.  A.  T.  652.  F.  Gould, 
owji-i     '1  11.     i.-i        iVii<  \v.  11  was  $60.00.    Mosher  and  Erb.  drillers. 

]i_  ir;il  -  -nil  (.1  S'lule,  Gershom  "Wilson  Smith,  owner.  This  well  is  said  to 
ha\  .  hrough  gypsum  on  top  of  cement. 

17211  X..  '.'4"  W.  I.  Heaton.  owner.  The  water  broke  out  from  this  deep  drilled  well 
around  the  casing  and  marie  a  spring  in  the  river  bank  and  stopped  adjacent 
flowing  well. 

1950  N..  1400  W.  Total  dt-pth  1^  feet.  A.  T.  640.  This  is  a  dug  well.  It  is  also  a 
spring  in  the  side  of  the  river  valley. 

1950  N..  1950  W.  Total  depth  30  feet.  A.  T.  642.  This  well  was  nearly  dry  in  sum- 
mer of  1S95. 

600  N.,  19.50  W.    Total  depth  153  feet,  dug  20  feet.    A.  T.  652. 

50  N..  920  W.  A.  T.  .567.  SO,  scrong.  CI  med.  Total  depth  90  feet.  S5  feet  dug  or 
cased.    At  first  the  water  was  salty,  then  cased  off.  but  it  is  still  strongly  mineral. 

Section  28. 

640  X..  19.50  W.  Depth  to  rock  60  feet,  total  depth  157  feet.  A.  T.  647.  The  water 
is  cathartic,  strongly  mineral  and  turns  tea  black,  i.  e..  Fe  strong,  SOt  strong, 
CI  med.  +.  Mg  present.  Sp.  Wt.  1.002.  This  well  passes  through  blue  and  black  rock 
and  at  120  feet  strikes  mineral  water. 

Section  30. 

Probably  S.  ?  E.  quarter  of  S.  W.  quarter.   A.  T.  632.   Total  depth  120  feet. 

1040  X..  19.50  W.  A.  T.  627.  SO*  strong.  CI  strong.  The  water  is  poor.  Sp.  Wt. 
1.010.    Total  depth  22  feet.    Xewberrv,  owner. 

19.50  X..  1.500  W.  (1)  A.  T.  627.  CI  strong.  SO*  strong.  Depth  to  rock  40  feet,  total 
depth  223  feet.  Here  are  three  wells  belonging  to  W.  McPherson  of  Berne.  Drilled 
by  Agnew  of  Fairgi-ove.  At  100  feet  was  strong  salt  brine  in  bluish  soapstone,  at 
200  feet  black  sandrock.  water  not  so  salty.  At  210-223  pure  white  sandrock.  It  is 
now  packed  down  at  130  feet,  but  is  still  salt  (probably  not  packed  well  or  low 
enough).  Sp.  Gr.  1.032.  (2)  Total  depth  10  feet.  (3)  A.  T.  62.5.  Depth  to  rock  2?  feet, 
total  depth  140  feet.  The  water  was  salty  and  was  stopped  up.  This  well  was 
cased  2S  feet,  but  not  to  rock.  The  well  was  muddy  and  went  to  140  feet.  (4)  The 
water  in  this  well  is  brackish,  Sp.  Gr.  1.003.  total  depth  22  feet. 

Section  31. 

12S0  X..  1950  W.    SO4  stiong.  CI  low.    Depth  to  rock  45  feet,  total  depth  45  feet. 
A.  T.  632.    W.  Eichler.  owner.    The  water  came  out  of  "soapstone." 
1380  X.,  1950  W.    Total  depth  just  to  rock  43  feet.    A.  T.  632. 

13S0  N.,  1900  W.  SO,  strong.  CI  trace.  Total  depth  150  feet.  A.  T.  6.32.  H.  Bean, 
owner. 

1S60  X.,  1950  W  Depth  to  rock  51  feet,  total  depth  56  feet.  A.  T.  630.  SO4  strong, 
and  at  more  than  60  feet  depth  there  would  be  salt  water.  This  well  is  through 
snaprock. 

50  N.,  240  W.  SO,  strong.  CI  low.  Sp.  Wt  1.006.  Depth  to  rock  54  feet,  total 
depth  165  feet.   A.  T.  640. 

Section  32. 

50  N.,  1780  W.  SO4  med..  CI  low  +.  Depth  to  rock  63  feet,  total  depth  129  feet. 
A.  T.  679.  The  other  wells  nearby  are  said  to  be  deeper,  i.  e.,  about  10  feet  in 
sandrock. 

50  N.,  1280  W.   SO4  m.ed.,  CI  low.   Total  depth  140  to  145  feet. 

50  X.,  100  W.   A.  T.  64.5.   This  is  a  dug  well,  total  depth  about  30  feet. 

Section  33. 


100  N.,  1950  W.    A.  T.  649. 
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.Vi  X.,  nsii  \\\    A.   T.  "i'il,    S'o,  "1     Ml  T..la!  depth  7  feot.    This  was  dug  through 

^Vo\\     t'i"'  \\''  'T.ii.i'l'  -l'  [.1  li  I'  I'-i'     A     1'  This  wi'il  is  lint  to  rock. 

vr.ii  X    '      w     Tr.Lil  (i^  iiili  ;:;  i.-  i      \   T  This  w.-ll  is  in  sand  and  gravel. 

V.m  X'  IJ'Ni  W  tfii,  tiM.f.  I'l  Inw.  Total  depth  SO  feel.  A  .T.  650.  Down  to  45 
feet  hard  gravellv  soil.  1.)  feet  quii  ksand.  20  feet  gravel.  This  well  \s  piped  to  80 
feet. 

.50  N.  700  W..  SO,  0.  CI  low.  Total  depth  15%  feet.  This  well  is  on  a  stony  clay 
(till)  rise. 

Section  3i. 

Norton,  owner.   The  water  was  very  salt  at  first,  then  they  drilled  deeper. 

1730  N..  90  W.  Depth  to  rock  46  feet,  total  depth  2.50  feet.  A.  T.  6-12.  This  well 
passed  mostly  through  slate,  but  went  18  feet  (2.32-250)  in  sandrock.  Olmstead, 
owner.    The  water  is  good  and  flowed  freely. 

Section  ?>5. 

10  N,.  50  Vr.    Depth  to  rock  20  feet,  total  depth  190  feet.    A.  T.  652. 

Section 

19.50  N.,  1000  AA'.  Depth  to  rock  20  feet,  total  depth  40  feet.  It  is  20  feet  to  rock 
with  gypsum  in  the  blue  clay  at  15  feet  and  in  layers  and  great  chunks  ,iust  above 
the  rock. 

Feet. 

Cement  rock    4 

Gypsum    S 

Hard  rock    4 

Gyiisum    4 

This  well  stipiipeil  in  slate.  There  is  generally  a  sandstone  at  SO  feet.  The  water 
was  very  hard  and  gypseous. 

Meade  Township  (T.  17  X.,  E.  12  E.  D.). 

Section  2. 

0  N.,  720  W.  Depth  to  rock  40  feet,  total  depth  40  feet.  A.  T.  69.1.  This  well  is 
down  to  sandstone  and  belongs  to  Arnold.  The  well  at  the  old  saw  mill  on  main 
road  struck  rock  at  12  feet. 

Section  3. 

2000  N.,  S20  W.  Depth  to  rock  .30  feet,  total  depth  .30  feet.  A.  T.  6.5S.  This  well 
is  not  quite  to  rock. 

2000  N..  1900  w.  Depth  to  rock  20  feet,  total  depth  2S  feet.  A.  T.  647.  H,..  SO,  none. 
Ca  nii  ilium.  CI  trace. 

Section  4. 

2000  N.,  1220  \V.    Total  depth  22  feet.    A.  T.  631.    This  well  is  to  gravel. 

Section  5. 

1000  N.,  2iX>0  AA'.  SO,  none.  Ca  and  CI  low.  Depth  to  rock  S  to  IS  feet,  total  depth 
65  feet.    A.  T.  044.    M.  Dibb.  owner. 

SO,  none.  Ca  and  CI  tiaee.  Depth  to  rock  6.  total  depth  20  feet.  At  the  house 
of  same  owner,  rock  seems  like  a  thick  bedded  compact  sandstone.  On  the  other 
side  of  the  road  rock  at  6  feet,  14  or  15  feet  drillin.g  gives  good  water.  The  rock  is 
very  close  to  the  surface  three  miles  south  of  this  place. 

Section  (i. 

fiSO  N.,  0  W.  SO4  none,  Ca  and  CI  traces.  Depth  to  rock  4  feet,  total  depth  40 
feet.  A,  T.  632.  M.  E.  Parsonage,  owner.  Rock  found  in  post  holes  in  front  of 
house  at  four  feet  from  surface. 

Section  7. 

9S0  N,,  0  W.  Depth  to  rock  20  feet,  total  depth  23  feet.  A.  T.  651,  The  other  wells 
In  the  neighborhood  find  about  the  same  depth  to  rock. 

Section  S. 

920  N.,  1950  W.    Depth  to  rock  20  feet.    A,  T.  649. 

Section  12. 

2000  N.,  12S0  W.    Total  depth  22  feet.    A.  T.  704.    This  is  a  dug  well. 

Section  14. 

er. 
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irriioy  coi^nty. 


Section  15.    (Xapoloo!!  <;iim]si (Hic  near  Tlie  surface.) 

1950  N.,  1950  W.   Depth  to       i  :  depth  6  feet.   A.  T.  m.   This  is  a  dug 

well  and  rock  is  only  2  feet  htl'  near  by. 

1950  N..  1900  W.  Depth  to  ro.  1;  iial  depth  21  feet.  A.  T.  6im.  The  sand- 
stone is  thin  bedded  and  greeni.-;li.  Ku  k  is  also  W2  feet  from  the  surface  in  the 
cellar  of  the  house. 

Section  17. 

1040  N.,  2000  W.    Total  depth  16H  feet.    A.  T.  6-i2.    They  struck  no  rock  in  this  well. 
.560  N..  2000  W.    Total  depth  20  feet.   A.  T.  642.   There  was  no  rock  in  this  well. 
2000  N..  140  W.    Depth  to  rock  4  feet,  total  depth  12  feet.   A.  T.  667.   This  well 
passed  through  one  foot  of  rock,  then  12  feet  of  "clay."   There  was  plenty  of  water 

in  this  wfll. 

2(10 1  X..  41M  SOi  none.  Ca  and  CI  trace.  Depth  to  rock  7  feet,  total  depth  10 
feet.    A.  T.  r,-.i>.    The  water  in  this  well  was  abundant. 

«  X..  1S4I1  W.  SO4  trace.  Ca  low.  CI  trace.  Depth  to  rock  10  feet,  total  depth  24 
feet.   A.  T.  65S.   18  feet  of  this  well  was  drilled  by  hand.   This  is  a  surface  water. 

In  a  prosnecting  hole  in  Sec.  19,  200O  N.,  loO^  W..  rnck  is  only  5  or  6  feet  from 
surface,  and  is  dark,  compact,  soft  grained,  with  conchoidal  fracture  and  weathers 
to  a  light  color. 

0  N..  1100  W.  SO,  none,  Ca  low.  CI  slight  trace.  Fe  present.  Depth  to  rock  1>^ 
feet,  total  depth  132  feet.  A.  T.  667.  Henry  Clark,  owner.  Mosher  and  Erb.  drillers. 
This  well  passes  through  5  feet  of  shell  rock.  W'2  feet  of  "cement"  ^argillaceous 
limestone),  nnd  then  soapstone. 

.50  X,.  1900  W,  SOi  none.  CI  low.  Depth  to  rock  12  feet,  total  depth  5S  feet.  A.  T. 
650.  This  well  is  cased  14  feet  and  9  in.  There  was  20  feet  of  "cement  rock"  in 
this  well  and  sandstone  was  struck  at  52  feet. 

Section  19. 

There  is  an  outcrop  of  "cement  rock"  Michi.sran  series  limestone,  on  Pinnebog 
riyer. 

20  rods  S.  of  corner.  Depth  to  rock  1.3  feet,  total  depth  200  feet.  A.  T.  660.  James 
Thompson,  owner.  Erb  and  Mosher.  drillers.  This  well  passed  first,  through  sand- 
stone, then  cement  rock  IS  feet,  then  soapstone.  ihen  hardrock.  The  water  was 
neyer  pumped  out  of  the  i>ipe  ;;nd  it  smells  of  decaying  organic  matter. 

Section  20. 

A.  T.  670.    "U".  H.  Stephenson's  well  has  grindstone 

lie  suriace. 

Section  21. 

S.  E.  quarter.  Depth  to  rock  29  feet,  total  depth  34  feet.  A.  T.  703.  Lackey, 
owner.  This  well  was  dug  25  feet  and  then  drilled  4  feet  to  rock  and  then  4  or  5 
feet  in  rock,  when  the  drill  dropped  and  water  rose  to  within  fiye  feet  of  the 
surface. 

0  N,.  1140  W.  A.  T.  712.  Depth  14 
2000  N.,  1920  W.    Total  depth,  .iu; 

0  X.,  A\\    Depth  to  rock  2S.  feet,  total  depth  3S  feet.    A.  T.  717. 

197.:.  X,.  LT,  W.    SO,  none.  CI  none,  Ca  yery  low.    Depth  to  rock  40  feet,  total  depth 
47  feet.    A,  T,  720,    This  well  is  at  Filion  P,  O,.  50  feet  south  of  the  corner. 
860  X.,  25  W.    A,  T.  727,    Total  depth  40  feet. 

Section  27. 

0  N.,  1160  W.  Ca  trace,  CI  slight  trace,  SOt  none.  Depth  to  rock  24  feet,  total 
depth  81  feet.  A.  T.  710.  J.  Church,  owner.  This  well  passed  through  sandstone 
and  then  shale. 

2000  N..  460  W.  SOi  0.  Ca  traces.  CI  low.  tastes  of  Fe.  Depth  to  rock  48  feet,  total 
depth  56  feet.  A.  T.  717.  L.  A.  Mosey,  owner.  The  water  comes  to  within  9  feet  of 
the  top  of  pipe  which  does  not  quite  reach  rock. 


Section  29. 

2000  N.,  SOO  W. 
et,  total  depth 

Section  32. 


T.  S92,  SOi  none.  Ca  trace.  Fe  present.  Depth  to  rock  30  to  40 
feet.   Philip  Schad,  owner;  Erb  and  Soule.  drillers. 


Depth  to  rock  24  feet,  total  depth  87  feet.   A.  T.  692.    Max  Ritter, 

Section  33. 

2O0O  N.,  1220  W.   Depth  to  rock  20  feet,  total  depth  58  feet.   A.  T.  699. 
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Lincoln  Township  (T.  17  N.,      13  E.). 

Sertion  5 

I  N..  1-100  W. 
(irilled  well; 

Section  6. 

Kinde.    A.  T.  702. 

Mr.  Hall,  a  liniikfr  at  P.a\-)i(irt.  lias  three  wells,  11.  IS  and  20  feet  deen.  respect- 
ively, all  tlinmsli  \^lu^■  c\ay  into  sravel  and  they  each  haye  plenty  of  water. 

Section  18. 

S.  E    rinartcr  of  S.  nuarter.    Desire  Filinn  has  a  drilled  well. 

1400  N.,  1950  W.    Total  depth  20  feet.    A.  T.  717.    "fhis  well  was  dug  Z  feet  and 
bored  7  feet,  in  clr.v  and  ouicksand.    Jas.  Penna.  owner. 
1900  N..  1950  W.    A.  T.  717.    T.  Rapson  was  to  bore  this  well. 

Section  19. 

17S0  N..  2000  W.    Depth  to  rock  .37  feet,  total  depth  about  3S  feet.    A.  T.  722. 

Section  20. 

2000  N..  15S0  W.  PO.  none.  Ca  trace,  CI  slight  trace.  Depth  to  rock  .50  feet,  total 
depth  55  feet.   A.  T.  717.   H.  S.  Tilt,  owner.   Water  is  abundant  in  this  well. 

Section  22. 

A  little  W.  of  the  north  quarter  post.  Total  depth  2]i2  feet.  A.  T.  712.  This  well 
was  through  black  loam,  yery  hard  red  clay,  blue  clay.  sand.  It  was  dug  .iust 
to  sand.  After  dig.ging  the  well  was  lefu  dry,  but  next  mornin.s'  it  had  Ifi  feet  of 
water  in  it.  The  water  could  not  run  a  boiler  a  week.  It  had  to  be  blown  off 
for  it  was  red.  soapy  and  foaming.    The  water  rose  to  1  foot  below  the  surface. 

Section  30. 


Section  31. 

112  N.,  1950  W. 
746.    The  water  r 

Section  32. 

220  N.,  1950  W.  Total  depth  1.3  feet.  This,  the  old  well,  had  20  inches  of  water. 
The  new  well  was  66  feet  deep,  and  the  water  rose  to  17^2  feet  below  the  surface. 
It  was  a  mineral  water,  but  not  as  hard  as  the  surface  water. 

Bloomfield  Township  (T.  17  X.,  E.  14  E.). 
Section  5. 

16S0  N.,  2000  W.    Total  depth  30  feet.    A.  T.  690.?   This  well  is  in  blue  clay. 

Section  6. 

2000  N.,  15S0  W.   Total  depths  11  and  16  feet,  in  clay.   A.  T.  697. 


Section  14. 


W.  R.  Staf- 


Section  17. 

12.50  N..  750  W.  (about).  Total  depth  22  feet.  . 
here  in  clay.  Wells  in  the  region  to  the  north  ar 
is  as  yet  plenty  of  water. 

Section  18. 

0  N.,  1120  W.    A.  T.  694.    Total  depth  22  feet.    This  is  a  dug  well,  no  rock. 

Section  20. 

S.  W.  quarter  of  Sec.  20.  Depth  to  rock  40  feet,  total  depth  150  feet.  J.  W.  Kellv, 
owner.  The  water  in  this  well  is  sally  and  comes  to  within  1%  feet  of  the  sur- 
face. The  well  passes  through  40  feet  clay.  20  feet  sandstone  with  water  20  feet 
soapstone,  70  feet  unknown,  blue,  hard,  "kind  of  slate,"  between  soaprock  and 
hard  rock. 

Section  22. 

200  E.,  400  S.  of  N.  W.  Depth  to  rock  40  feet,  total  depth  135  feet.  W.  Wright, 
owner.   A.  T.  about  732.   Water  was  salty  at  SO-90  feet.    There  is  no  water  in  this 
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well  now.  The  well  passed  through  sandstone  (shale?)  and  soapstone.  Another 
report  says  aO-W  feet  to  rock,  total  depth  145  feet. 

Rubicon  Township  (T.  17  X ,  K  15  E.) 

Sec  tion  1.    Port  Hope. 

A.  T.  Gill.  There  is  a  salty  shallow  well  at  the  hotel.  There  were  also  deep  wells 
for  the  manufacture  of  salt. 

See  Geol.  Sur.  of  Mich.,  Vol.  V.  Pt.  II,  p.  76,  an  abstract  of  the  record  is  as 
follows: 

1-16  feet  drift. 
Coldwater  shales: 

16-22  feet  green  micaceous  sandstone,  outcrops  along  shore. 

22-532  feet  blue  arenaceous  shales  with  occasional  seams  of  sand  rock, 

532-  53.3  feet  hard  rock,  pyrite  or  siderite. 

533-  687  feet  dark-blue  shale. 
687-716  feet  arenaceous  shales. 

Berea  Grit: 

,  716-787  or  S0O-S65  feet  coarse  whitish  sandstone  impregnated  with  strong  salt 
brine. 

Section  15. 

7M  N..  SOO  W.    Total  depth  13  to  14  feet  in  blue  clay.   A.  T.  622. 

Section  27. 

S.  W.  quarter  of  X.  E.  quarter.  Depth  to  rock  70  feet,  total  depth  103  feet.  A.  T. 
about  610.  John  Schmucker,  owner.  SOj  trace.  Ca  and  CI  low.  This  well  is  through 
blue  sandrock.   There  is  not  much  water  and  it  is  apparently  from  the  clay. 

3V4  miles  W.  of  this  there  is  reported  a  sail  well.  The  well  was  not  stoned  and 
was  abandoned.  There  is  also  a  surface  well  near  that  of  John  Schmucker  about 
12  feet  deep. 

Section  35. 

20  paces  E.  of  shore  road,  1S.50  N.,  950  W.  Surface  well  12  feet  deep.  A.  T.  622. 
John  Hopson,  owner. 

Section  8G. 

20  paces  E.  of  shore  road,  950  N..  19.^  W.  SO4  trace.  Ca  low,  CI  med.  Depth  to 
rock  20  feet,  total  depth  23  feet.  A.  T.  about  612.  This  well  went  through  one  foot 
of  thin  sandstone  and  the  drill  dropped  beneath  it.   Wm.  F.  Burley,  owner. 

Caseville  Township  (T  18  X.,  E.  10  E.). 

Section  25. 

S.  W.  of  X.  E..  or  Sec.  25.  lot  4,  perhaps  more  likely.    A.  T.  607.    It  is  reported 
that  they  went  through  40  feet  of  plaster  on  Mintline's  place. 
Xear  center,  CI  u.    A.  T.  60i.    Mr.  Corless,  owner.    This  is  a  dug  well. 

Section  26. 

1950  N.,  700  A.  T.  612.  Lot  4.  D.  Mintline,  owner.  It  is  reported  that  they 
went  through  40  feet  of  plaster. 

Section  35. 

(2030  feet)  S-10  oaces  N.  (2740  feet)  19.30  paces  W.  There  are  various  reports  as  to 
the  total  depth,  viz.:  2200,  2300,  2270.  (1)  The  first  well  of  the  grist  mill  was  deeper 
than  the  rest,  and  gave  a  brine  and  some  gas.  In  this  well  at  IS  feet  they 
struck  boulders  with  sandstone  and  had  about  100  feet  of  it.  The  well  was  put  down 
bv  Hiram  Adams,  and  was  one  of  F.  Crawford's  wells,  Geol.  Sur.  of  Mich.,  Ill, 
p,  94,  184,  201,  \,  p.  53.  It  was  2200-2300  feet  down  to  third  salt  rock.  They  had  to 
wash  the  pans  when  they  used  the  brine  from  the  various  levels  below  1800  to  2300 
feet  every  24  hours  and  later  every  12  hours.  Whereas  before  they  only  needed  to 
wash  every  4S  hours  to  get  rid  of  bittern.  This  shows  the  relative  impurity  of 
this  lowest  brine.  From  1700  to  ISOO  was  hard  sandrock  (the  Berea  Grit),  another 
at  1900,  then  some  clay  and  a  streak  of  very  hard  rock  with  brine  again  at  2200  feet. 
This  is  probably  from  some  horizon  below  the  Genesee  or  Huron  black  shale. 
Compare  from  2560  to  2740  in  the  deep  Bay  City  well,  in  which  the  Berea  Grit  is  at 
2100  to  2260. 

(2)  2300  feet  N.,  3SS0  feet  W.    A.  T.  ,585.    Curran  Flach  and  Conlev.    Total  depth 
ISOO  feet. 
At  S  feet  rock. 

At  IS  feet  sandrock,  first  casing  to  20  feet, 

23  feet  sandrock. 

10  feet  blue  clay  and  hardpan. 

10-12  feet  "hard  rocks  like  flint  with  boulders,"  probably  cherty  limestone. 
About  "100  feet  slate  or  shale." 
About  50  feet  gray  sandstone. 

At  (165  feet)  about  190  to  200  feet,  a  seam  of  coal.? 
At  about  300  feet  black  clay  as  per  sample. 
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At  about  400  feet  a  fine  powder,  like  copper  filings,  mixed  witii  clay.    Casing  hard 
to  pull. 
750  feet  salt  rock. 

The  well  is  cased  to  SOO  feet  (not  far  enough),  shutting  off  this  brine.  From  SOO  feet 
down  was  mostly  dark  grey  slate.  At  1800  second  salt  rock.  When  the  casing  was 
pulled  the  water  flowed  out  at  first  and  even  now  is  only  4  feet  from  the  top. 

(3)  ITS)  N.,  3700  W.  About  .'.fiO  feet.  F.  Crawford,  owner.  Cf.  Rominger  III,  p.  94, 
1S4,  201.    Total  depth  1735.  17G0,  or  1750. 

1-900  feet.  ■■Princi|ially  through  blue  shale,  sometimes  throusli  r.d  shales  with 
no  important  scini  ot  liarder  rock  in  the  whole  intr'iv:il."    I'l'lii-  i-^  ii'.t  so.) 

At  900  fli  t.     L.iil;.    l)iidy  whitish  rock  with  stri.ni;    lnin.  :     n  n    li-iium  another 

supply."    ('.         \\iiu;liL  says  from  S50  to  9.5U  was  saml-i   n-im   Itl.iO  to  1770 

sandstone. 

J.  Coreyell  reports  2  to  3  feet  bed  rock,  limestone  shell  and  slate. 
At  115-120,  first  Silnd.stone. 

From  125  to  150  sandstone  with  streaks  of  shale. 

At  900-950  first  salt  rock.  S0°. 

At  17.50  feet  second  salt  rock.  i.  e. 

From  1680  to  litio  sandstone. 

(4)  About  16(X)  N.?  in  Sec.  20.    Total  depth  1760.    Pigeon  River  Furnace  Company. 
950  N.,  Vm  Si  ),  strons.    Depth  to  reck  40  feet,  total  dei.th  140  feet.    A.  T.  602. 

Well  at  A(i:iiiis  St  . I.'.  Thi  i.-  w.is  a  l.ttle  limestone,  then  shale  most  of  the  way, 
then  bottom  in  -  nnli  m  k  Tli.-  w  .  1 1  ,it  his  house  in  Sec.  l-lT-l'i  is  alxuit  the  same. 
Campau  dim  L;\|i-niii  ..u  hi-^  pl.M  also  something  like  gvpsiim  was  dredged  from 
the  river  in  bl.K-ks. 

South  part  of  Caseville.  Total  depth  4S  feet.  A.  T.  607.  C.  Crawford,  owner. 
There  are  "several  kinds  of  rock"  in  the  short  distance  of  48  feet,  viz.,  "limerock, 
shale,  sandrock,  gypsum." 

ISOO  N.,  80  W.    Total  depth  14  feet.    A.  T.  612.    This  well  is  in  quicksand. 

Lake  Township  (T.  18  N.,  li.  il  E.). 

S.  E.  quarter,  50  W.    Total  depth  12  feet.    A.  T.  610.    This  well  is  not  to  rock. 

Section  18. 

Lot  1,  close  to  lake  about  300  N.,  100  W.  Depth  to  rock  9  feet,  total  depth  100 
feet  or  more.  A.  T.  690.  G.  M.  Stewart,  owner.  D.  Bullock,  driller.  0  to  100  sand- 
stone, then  black  slate,  soapstone  and  red  stutT,  accrprding  to  driller,  or  another 
report  says  all  sandstone.  Mr.  Flach  thinks  that  4  or  5  inches  of  coal  were  struck, 
i.  e.,  black  slate,  but  Mr.  Dufty  says  it  was  all  sandstone  and  no  coal. 

Section  23. 

50  N.,  50  W.  Total  depth  10  to  12  feet.  A.  T.  624.  (2)  Depth  to  .rock  15  feet;  total 
depth  30  feet.  This  well  was  dug  15  feet  and  then  drilled  15  feet,  but  they  got  no 
water. 

S.  W.  quarter  of  S.  E.  quarter.    Total  depth  to  rock  4  or  IVi  feet.    A.  T.  612.  There 
is  plenty  of  water  in  this  well. 
50  N.,  1300  W.    Total  depth  S^a  feet.    A.  T.  607.    W.  King,  owner. 

Section  24. 

1780  N.,  50  W.  SO,  trace.  Ca  low,  CI  low.  Depth  to  rock  20  f?et.  total  depth  20 
feet.   A.  T.  612.    T.  Welsh,  owner. 

Section  25. 

1950  N.,  1350  W.    SOi  low,  Ca  low,  CI  low,  signs  of  Fe.    Total  depth  IS  feet  in 
rock.    A.  T.  623. 
Over  lOMii  N..  1930  W.    Total  depth  40  feet.    A.  T.  622. 

Scciidii  lm;. 

0  N..  W.  SOi  none.  Ca  and  CI  trace.  Depth  to  rock  40  feet,  total  depth  6S  feet. 
A.  T.  638.    Alex,  ('hampine.  owner.    J.  McLaren  and  C.  Jones.  Bav  Citv.  drillers. 

1320  N.,  2000  W.  H..  SOi  trace,  CI  trace,  Ca  low.  Depth  to  rock  27  feet,  tual  depth 
37  feet.  A.  T.  035.  This  well  is  first  through  shell  rock  (shale.i.  then  a  harder 
one. 

1950  N.,  1360  W.    Total  depth  probably  14  feet.    A.  T.  610. 

420  N..  0  W.    Total  depth  3G  feet.    A.  T.  632.    This  well  was  drilled  part  wav. 
1750  N.,  1000  W.    A.  T.  612.    CI  trace,  SOi  med.    Ed.  Sovereign,  owner;  D.  Biillock, 
driller. 

RECORD. 

Tbick- 


ness.  Total. 

Surface   7  feet  7 

Black  .shue,  perfectly  dry.  with  coal  at  42  feet,  and  at  m  feet  and  12  (?)  feet  of 

■  sulphur  ■  pytile,  in  the  m  ddle   80  87 

Sandrock  litrhl  grey   67±  154 

Iron  ore  1  compare  this  with  the  paint  rock  so  often  spoken  of.    Cf.  Mauch 

Chank  shales  or  Catskill  shale,  and  the  Lower  Marshall  .sandstones   100  254 


111,-  W..  I4,n  X.  CI  trace,  SO<  strong.  Total  depth  100  feet.  A.  T.  612.  Mrs. 
McKay,  owner. 
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1100  N.,  1400  The  water  is  very  hard.  Total  depth  13  to  IS  feet.  A.  T.  607. 
"River  sand"  occurs  at  the  surface. 

Section  32. 

50  N..  660  W.  VTm.  Dufly.  owner.  A.  T.  622.  (1)  Depth  to  rock  40  feet,  total  depth  202 
feet.  The  water  rose  at  first  to  3  feet,  now  to  20  feet  below  surface.  CI  trace,  SO. 
trace.  At  40  feet  rock,  at  about  SO  feet  sandrock.  coarse  at  first,  then  whiter  and 
finer  to  the  end.  (2)  Depth  to  rock  40  feet,  total  depth  75  feet.  CI  low,  SO*  strong. 
This  is  in  dark  .slate,  never  in  sandstone  Th^re  was  a  sinkhole  near  by  thirty  years 
ag-o,  filled  up  with  stumps  and  rubbish,  but  a  second  drop  took  place  about  1SS3, 
like  a  well  6  feet  across  and  2o  feet  deep.  A  line  of  similar  holes  seem  to  extend 
E.  S.  E.  It  used  to  be  a  salt  lick.  These  sinks  are  probablv  over  a  limestone, 
possibly  gypsum. 

Section  34. 

so  X.,  1S20         Total  depth  2S  feet.   A.  T.  632.   R.  Gotts"  three  wells. 

Section  35. 

1925  N..  S20  W.  Depth  to  rock  23  feet,  total  depth  35  feet.  A.  T.  629.  This  well  is 
150  feet  south  of  road. 

2000  N.,  1320  W.  Depth  to  rock  26  feet,  total  depth  29  feet.  A.  T.  635.  This  well  is 
opposite  the  last. 

Section  3G. 

1.50  X.,  1300  W.  SO4  none,  Ca  low,  CI  low.  Depth  to  rock  23  feet,  total  depth  53 
feet.   A.  T.  637.   There  is  also  a  dug  well  27  feet  deep. 

Hume  Township  (T.  18  X.,  R.  12  E.  D.). 

19.50  N..  500  W.  Ca  low.  CI  low,  SOt  trace.  Temperature  46'  F.  This  is  not  a 
flowing-  well.   This  is  probably  one  of  I.earned's  drilled  wells. 

Section  10. 

lii  i5  X..  450  W.  Brackish  SOi  med..  Ca  med.,  CI  strong.  Fe  present.  This  is  an 
old  salt  well  flowing  slightly  near  Port  Crescent.  Williams,  Eakins  and  Soule, 
owiT  i?.    Hi  Ariams  of  Waukesha.  Wis.,  driller. 

A!iMut  ]."i>'  X..  1000  W.  Total  depth  1250  feet.  This  is  a  flowing  well.  The  water 
is  li'  n  kwl;  S(ii  strong,  CI  strong,  Ca  strong.  Fe  present.  Miss  Haskell's  well 
"friim  piije  X.  E.  of  well;"  600  feet  to  mineral  water  now  flowing;  1250  feet  to  bottom 
of  sa.t  well. 

900  X.,  10  W.  Depth  to  rock  IS  feet,  total  depth  20  feet.  A.  T.  612.  Tom  Clancy, 
owner.  He  has  another  well  which  is  flowing.  Total  depth  23  or  29  feet.  It  was 
dug  IS  feet,  drilled  11  feet  to  a  flow,  through  hard  clay.  There  is  no  rock  in  this 
well,  but  I  think  it  likelv  that  the  water  is  just  above  bed  rock.  Total  depth  30 
feet. 

Carter,  owner.     This  is  a  flowing  well. 

Section  11. 

Most  of  the  wel»s  here  are  dug  down  to  bed  rock,  and  then  holes  drilled  farther. 

E.  half  of  S.  W.  quarter.  Depth  to  rock  12  feet,  total  depth  30  feet.  A.  T.  612. 
The  water  rises  to  about  8  feet  from  the  top  In  dry  times.  John  Clancy,  owner. 
This  well  was  dug  12  feet  to  rock  and  went  18  feet  through  grindstone. 

9.50  X..  740  W.  There  are  two  surface  wells  here.  Both  went  dry  in  1S95  and 
water  had  to  be  drawn  from  the  lake. 

lO'iii  X.  <i''<  W.  Depth  to  rock  about  22  feet,  total  depth  43  feet.  A.  T.  616.  Sinclair, 
ow  -  hasin,  21  feet  drilled,  or  another  savs  20  and  20. 

\  .    Depth  to  rock  12  feet,  total  depth  37  feet.   A.  T.  J12.    The  water 
sn  nt  but  not  large.   This  well  has  a  twelve-foot  basin  to  rock,  prob- 

Section  12. 

10.50  X.,  1.340  W.  so,  0,  Ca  low,  CI  trace.  Depth  to  rock  5  feet,  total  depth  100  or 
lis  feet.   A.  T.  624.   Ed  Ahearn,  owner. 

950  N.,  1260  W.  SO4  0.  Ca  low,  CI  trace.  Depth  to  rock  7  feet,  total  depth  SO  feet. 
A.  T.  62S.   Henry  Conley,  owner. 

Thickness.  Total. 

Clay     •?  T 

Then  44  feet  rod;    44  51 

Then  1  foot  blue  c                         ut  comp.a  e  section  at  Hardwood  Point. .  1  .52 

Kest  -ravel,  etc   .  _      ..  raiei   28  80 

950  X..  1760  W.  SOi  0,  Ca  trace,  CI  low.  Depth  to  rock  .6  feet,  total  depth  54  feet. 
A.  T.  627.  14  feet  basin.  Rock  is  a  soao  rock.  i.  e..  shale,  hard  at  first  but  dis- 
solves awav.  At  50  feet,  sandrock  with  water,  then  a  black  sticky  shale.  All  along 
this  ridge  it  is  but  6  feet  to  rock  while  down  at  the  corner  it  is  IS  feet  to  rock, 
which  is  a  soapstone  and  bits  of  gypsum  are  reported  in  it. 

1050  X..  1760  W.  Depth  to  rock  about  6  feet,  total  depth  54  feet.  A.  T.  627.  This 
is  similar  to  wells  just  south. 

950  X..  1900  W.  Ca  traces.  SO*  low.  CI  low.  Depth  to  rock  18  feet.  A.  T.  617.  The 
bits  of  rock  about  well  site  are  blue  micaceous  flags  or  sandy  shale. 
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iniiu  X-     isiio  \V     Depth  to  rork  i;      .  t    total  depth  54  feet.    A.  T.  t>2,.    This  well 
i«  ii, >■,,.,   1,  -,,M,<f,,ne       feet  i.i  -  rnhiK  ).:  li.-low  which  was  a  blacR  soft  rock. 
],r  .  V        u-     l>opth  to  rook  :-.  ■■  ■  ■  '  .l^pth  39*  feet.   A.  T.  «::9.   Mr.  Carpenter 

-  ,1,  1,    M    r.iri!-.-  rlown  thev  hml  t  i  1,1, i-i  tlirough  3  feet  of  grindstone,  then  nnder- 
>i,n,  i-  nn.i  ii..i,i\v  tliU  \v:i.;  a  crevice  in  the  rock  at  -jO  feet  where 

th.  V  I,  I  I  ,11  I  'lMu.  ii  i;ros  ir|,.Jit  tiist  a  hard  flint  rock  tor  a  few  feet,  a  sort  of 
cri,.i  ii,,,,   ,  f,,■^  ,it  ■..  iM,Nr(.nt-     At  21)0  feet  about  l.i  feet  of  sandstone  with  no 

riii-i  ,  r  II  I  h  il  l  111-  -iiiMlstone  the  shale  was  quite  black  for  about  20  feet. 
Th.'  iiiimiiiiiEf  water  shows  traces  of  oil.  A  coarse  sandstone  at  3w  to  3ia  feet. 
<  •!  med  I 'a  strons?-  SO,  strong.  Mg  C\-  probable,  white  kettle  scale.  Sp.  W  t.  1.006. 
The  well  was  340  feet  deep,  Saturday  night,  June  Tth,  and  'iM  teet  aeep  at  noon, 
June  9th.  apparently  in  a  blue  shale.  Chas.  Wright,  owner.  This  well  was  deep- 
ened bv  Church  Brothers.  Reactions: 

Citric  acid  gives  no  effervescence,  H  01  trace:  for  SOi  strong  reaction. 
3i;:>.    Citric  acid  gives  a  trace,  H  CI  strong  effervescence,  for  SO,  only  a  trace  of 
reaction. 

:57.i.    In  hot  citric  acid  a  strong,  in  cold  citric  acid  moderate  aff ervescence :  trace 
of  sulphate. 

385.    In  citric  acid  traces  of  effervescence,  in  H  CI  not  strong,  no  sulphates. 
389.   In  hot  dil.  H  CI  traces  of  effervescence,  sulphates  present(?). 

Section  i:i 

S.  K.  .luartpr  of  N.  K.  quarter.    A.  T.  64S. 

IZGo  X.,  w.  SOi  med..  Ca  med..  CI  med.  Depth  to  rock  :32  feet.  Total  depth  115. 
D.  Ahrarii.  .iwner.  This  well  was  dug  32  feet  in  blue  clay,  probably  40  to  60  feet  to 
rock  whi.  li  is  soap  rock.    Another  account  says  IIS  feet  in  soaprock  and  sandstone. 

30  N..  50  SOt  med..  Ca  trace.  CI  stron.g.  Mg  trace.    Total  depth  137  feet.    A.  T. 

657    T.  Walker,  owner.    The  soil  is  a  sandy  loam. 

5i)  N,.  1210  W.   Total  depth  not  yet  to  bed  rock  36  feet. 

Section  14. 

150O  N..  1050  W.  A.  T.  612.  Depth  to  rock  7  feet,  total  depth  92  feet.  Robert  Mc- 
Allister, owner.  The  water  was  June  26,  1S96.  IS  feet  from  top,  but  is  generally 
about  15  feet  from  top.  and  is  not  enough  for  stock. 

Depth  to  rock  50  feet,  total  depth  60  feet.    A.  T.  622.    Ward's  well. 

Depth  to  rock  14  feet,  total  depth  55  feet.    Wm.  Starbeck.  owner. 

There  are  three  or  four  feet  of  slate  and  at  14  feet  brown  rock,  and  23  feet  of  solid 
rock. 

A.  T.  622.    Total  depth  25  to  36  feet.    Ed.  Gritzner,  owner. 

Depth  to  rock  7  feet,  total  depth  100  feet.    Edward  Haring,  owner. 

All  the  above  wells  are  near  by. 

Section  15. 

2.50  N.,  lOOO  W.  SO4  trace,  Ca  low,  CI  traces.  Depth  to  rock  33  feet,  total  depth  47 
feet.  A.  T.  612,  This  well  was  dug  23  feet  and  bored  10  feet,  and  the  rest  drilled. 
Wm,  Kennedy,  owner, 

750  N..  950  W.  Depth  to  rock  7  feet,  total  depth  S3  feet.  A.  T.  60S.  This  is  on 
the  farm  next  north  and  east  of  the  last.  Shell  rock  at  7  feet,  four  feet  thick,  and 
then  12  feet  through  to  hard  rocks. 

About  1000  N..  1000  W.  CI  and  SO4  traces.  Ca  low.  Depth  to  rock  26  feet,  total 
depth  56  feet.  A.  T.  609.  This  well  w-as  dug  26  feet  and  drilled  "30  feet.  Water  is 
scarce  on  the  east  side  o^  the  road. 

Section  19. 

50  N.,  900  W.   Total  depth  not  to  rock  37  feet.   A.  T.  632.   This  well  was  dug. 

Section  20. 

S.  W.  quarter  about  1.50O  W.    Total  depth,  iust  to  rock.  16  feet     A.  T.  6nL'. 

740  X,,  im  W,  Depth  15  to  20  feet  to  rock,  total  depth  42  feet.  A.  T.  W7.  Wm. 
Sawyer,  owner.  This  well  is  dry  in  summer.  In  summer  water  is  taken  from 
spring  hole  3  feet  deep  in  shell  marl,  100  yards  back  (W,)  of  the  house  in  vallev  of 
Pinnebog  ri\-er,    SO,  none,  Ca  low,  CI  trace  (in  spring  water). 

liiiHi  N.,  12M1  W.    Total  depth  IS  feet.    A.  T.  60S.    This  well  is  dug  in  clav. 

511  N.,  H-IM  W.  Depth,  not  to  rock.  lO'-  feet.  A.  T.  620.  This  well  is  close  to  margin 
of  va!le\-. 

Si'dioli  1';',, 

l;i.jii  X.,  Ji  I  W.  Depth  to  rock  50  feet,  total  depth  66  feet.  A.  T.  640,  SO,  low,  Ca 
low.  CI  low.  Mg  trace.    Ward,  owner.    Rapson  Bros.,  drillers. 

1950  N..  1O50  W.  A.  T.  635.  SO,  low,  Ca  low,  Ca  med.,  Mg  tr.  J.  R.  Learned, 
owner. 

1620  N..  950  W.  Total  depth  14  feet.  A.  T,  632.  SO,  trace.  Ca  med.,  CI  low,  white 
kettle  scale.    Water  is  6  feet  below  the  ground. 

900  N..  inuO  W.  Total  depth  30  feet,  A.  T,  646,  SO,  trace,  Ca  low,  CI  med,  L. 
Scharizer,  owner.    This  well  is  dug  in  blue  clav. 

900  N..  liXiO  W.  A.  T.  616.  SO,  trace,  Ca  low.  CI  med.  Depth  to  rock  40  feet,  total 
depth  53  feet.  This  well  passed  through  3^2  feet  of  sandstone,  then  gravel  rock, 
ana  at  verv  last,  cieiir  hard  rocK. 

90O  X..  2<)O0  W.  SO,  low.  Ca  low.  CI  low.  (1)  J.  Campbell,  owner.  This  is  a  dug 
well.  (2)  SO,  low,  lower  than  Xo.  1,  Ca  low,  about  equal  to  Xo.  1.  Ca  low.  more  than 
in  No.  1.   This  well  is  about  30  feet  deep  and  probably  .iust  to  rock. 
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I  feet.  A.  T.  6G2.  There  are  other  wells  in  the  neigh- 
depth.   There  is  a  layer  of  quicksand  about  12  to  14 


Section  26. 

0  N..  &S0  W.  Total  depth  1 
borhood  of  about  the  same 
feet  down,  below  clay. 

Section  27. 

19.50  N..  340  W.   Total  depth  16  feet.   A.  T.  632.   No.  1  at  house. 

19.50  N..  300  W.  SO4  low.  Ca  low.  CI  low.  Depth  to  rock  S  feet,  total  depth  22  feet. 
A.  T.  632.  This  well  was  dug  IS  feet,  then  drilled  3  or  4  feet  in  stone.  Xo.  2  is  at 
the  barn. 

Section  28. 

There  are  dug  wells  around  here  1.5  to  30  feet  deep  which  do  m 

1900  N.,  1240  W.  SOi  trace.  Ca  low.  A.  T.  622.  This  is  a  lloi 
June  26.  1896.  There  are  two  springs  in  the  place.  Total  (l.-i>t 
was  hand  bored  for  40  feel,  thf-  ;iiii:>  r  .ir  mmi'-'I  :i  lit'1--  wIt  ii  w: 

40  rods  N.  of  the  corner,  i.  e.,  _'  '  X      '~    W  i  i  1:  i 

well  was  dug  to  sandstone  aiv;  i.- 1         ^        'IIm  v.i-.i 

the  sandstone  was  of  a  dark-liln-   -  "I  '!   l;k'    ui  1 1 hi -t- .  This 
Crescent  samples. 

1000  N.,  2000  W.  Depth  to  rock  .  ' 
at  the  school  house.   There  art-  'tli 

740  N.,  50  W.  A.  T.  639.  H,.  .-^i  ; 
same  depth  as  at  school  house  (alj- 


ich  rock, 
well.    T.  54=  F. 
ce.    Total  d.-ptli  4o  fp-t.    This  well 

lit'.l'-  uiT-ii  w:il.-r  was  struck. 
-..1  .:  .h  1.1:       i,  ,  ■     ,\    T.  627.  This 
'IIm    V.  \',  ,  -  Miii.indant.  and 

hl-t'.nr.    This  iiiisw.-is  to  the  Port 

1.1  li  90  feet.  A.  T.  639.  This  well  is 
in  the  vicinitv  of  the  school  house. 

hi  CI  low.  This  well  is  about  the 
rock). 


Section  31. 


tfi  W.    Ho,  SO4  trace.  Ca  low.  CI  low.    Depth  to  rock  30  feet,  total  depth 
T  OoO.   James  Whelihan,  owner.   The  rock  is  probably  a  sandstone. 
'  W.    Depth  to  rock  30  to  40  feet.    A.  T.  62 ■.    Wm.  Wheliham.  owner. 


[Pinnebog.] 


A,  T.  627 


not  known  whether  this 


0  X..  720  W.    Total  depth  about  46  feet, 
well  is  in  rock  or  not. 

0  N.,  1280  W.    Total  depth  32  feet.   A.  T.  617.   This  well  is  not  to  rock. 

0  N.,  20C0  W.  -A.  T.  lil4.  Smells  and  tastes  of  S.  SOt  trace,  Ca  low.  CI  traces. 
Total  deiJth  110  feet.  James  Casey,  owner.  McLaren,  Unionville.  driller.  The  well 
is  said  to  have  flowed  at  the  top  of  the  ground  with  a  strong  stream  when  first 
dug.  Ho  S  odor  and  taste  not  present  until  1896. 

Depth  to  rock  50  feet,  total  depth  87  feet.  Dr.  Sellers,  owner.  A.  T.  617.  SO« 
trace.  Ca  li.w.  CI  trace.  Fe  present,  slight  H..  S  taste.  The  rock  at  top  is  slate 
(shal.-i.  the  rest  is  sandstone.  The  water  rises  to  within  6  feet  of  surface.  At 
one-f..unli  mile  to  south  rock  is  6  feet  from  sui-face.    O.  Erb  of  Soule.  driller. 


5(1  X.,  Ini  ii  Total  depth  about  52  to  53  feet.  A.  T.  679.  The  water  is  not  clear, 
milky,  SU4  absent,  Ca  low,  CI  trace.  Jerome  Farwell.  owner.  This  well  is  said  to 
have  struck  rock  at  9  feet.  The  water  is  not  clear  and  is  not  used.  The  more  it  is 
pumped  the  more  fine  sand  seems  to  come  up  so  that  the  water  is  almost  milky. 
The  sand  which  settles  first  is  ver.v  fine  and  micaceous.  The  drillers  (McLean  and 
Reed,  of  Bay  City)  said  bottom  of  pipe  was  6  feet  in  rock,  which  is  doubtful. 
Something  is  wrong  with  the  casing. 

There  is  a  well  14  feet  in  clav     i'eet  south  of  last.    SOi  absent,  Ca  low,  CI  trace. 

250  X.,  10.50  W.  Total  depth  ;".  feet.  Ho.  SOi  absent.  Ca  low.  CI  trace.  The  water 
is  milky.  The  well  is  ■l"  in. Is  .i..r;h  of  road  on  W.  side."  It  is  said  by  the  drillers 
to  be  in  rock. 

1500  N.,  2000  W.  SO4  trace.  Ca  low,  CI  trace.  Depth  to  rock  35  feet,  total  depth 
120  feet.  A,  T,  661.  The  water  contains  much  sand  of  fine  grey  color.  A  neighbor 
said  rock  was  35  feet  from  the  surface.    Thomas  Lockman's  well. 

Section  36. 

50  N.,  780  M'.  A.  T.  674.  The  water  is  abundant.  Total  depth  14%  feet.  .  The  well 
is  dug  in  clay.  Also  several  others  in  the  same  neighborhood  with  about  the  same 
depth  and  with  abundant  water. 

Dwight  Towuship  (  T.  18  X..  E.  13  E.  D.). 

Section  1. 

1560  N..  0  W.  SO4  traces.  Ca  and  CI  l.,w.  Total  depth  22  feet.  A.  T.  037.  This 
well  is  at  the  barn  and  has  11  I'tot  of  x^ater. 

S.  half  of  S.  E.  quarter.  A.  T.  r,-|t;.  d)  Depth  to  rock  4  feet,  total  depth  30  feet. 
This  well  went  dry  in  the  summer  of  1S95.  W.  Noble,  owner.  It  was  drilled  16 
feet  in  a  blue  lime  rock;  in  hntirs  it  wa.s  20  feet  deep.  (2)  This  is  a  well  at  the 
house,  it  used  to  fiow.  but  dues  not  flow  now.    It  is  15  feet  deep. 

50  N.,  1160  W.  Depth  to  rock  22  feet,  total  depth  34  feet.  A,  T,  652,  J.  Walsh, 
owner.  Half  way  back  on  this  farm  it  is  but  5  feet  to  rock:  11  to  13  feet  of  grind- 
stone rock. 

Section  2. 

S.  end  of  E  half  of  X.  W.  quarter.  Total  depth  16  feet.  Coal  is  said  to  occur  in 
this  well. 
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30  N..  1S20  W.  A.  T.  about  745.  This  well  is  probably  13  to  14  feet  deep.  Jas. 
His>Rin.s  savs  that  •'coal"  in  a  blue-black  shale  and  blue  clay  occur. 

ly(i  N..  126(1  W.  Water  in  this  well  is  plenty,  SOi  trace.  Ca  low.  CI  low.  L.  Total 
depth  14  to  1.1  feet.    Another  well  is  IS  feet  deep. 

50  N..  120n  W.    Total  depth,  not  to  rock,  20  feet  at  barn. 

1S40  N.,  0  W.  Ca  trace,  CI  trace.  Sd  none.  Total  depth  90  feet.  A.  T.  636.  This 
is  said  to  have  struck  coal  "probablv  through  sandstone  to  a  black  rock."  M. 
Cary  of  Badaxe,  driller.  -There  was  sandstone  near  the  surface,  then  blue  clay 
16  or  20  feet,  after  that  blue  rock.  There  is  65  feet  of  water  in  the  well,  and  the 
supply  is  erood. 

1420  N..  0  W.  Depth  16  feet.  A.  T.  6.35.  There  is  no  rock,  the  well  is  in  sand.  (2) 
SOi  none.  Ca  trace,  CI  none  Depth  to  rock  4  feet.  Total  depth  10  feet.  This  well 
Is  at  the  barn  in  the  same  locality  on  property  of  H.  O.  Smith,  Saginaw. 

Section  3. 

1900  N.,  1420  W.    Total  depth,  not  to  rock.  7  feet. 

50  N.,  1740  W.   Total  depth  10  feet,  to  rock. 

50  N.,  1320  W.   Total  depth  not  more  than  10  feet. 

50  N.,  SOO  W.  Total  depth  not  more  than  77  feet.  This  well  Is  probably  to  sand- 
stone. The  S.  W  %  of  this  section  is  full  of  boulders  and  hard  heads.  From  the 
south  quarter  post  a  ridge  strikes  N.  E.  on  which  the  sandstone  is  near  or  at  the 
surface.   It  is  4  to  6  feet  to  rock  as  shown  by  the  ditches. 

1950  N.,  700  W.   SOi  trace,  Ca  low,  CI  med.   Mr.  Sommerville,  owner. 

Section  5. 

50  N.,  1100  W.  SOi  and  Ca  trace,  Fe  trace.  CI  low.  Water  rose  to  within  6  feet 
of  the  surface.  Depth  to  rock  40  feet,  total  depth  121  feet.  A.  T.  628.  This  well 
passed  through  sandstone,  then  soapstone,  then  sandstone  again.  Good  water  was 
struck  at  45  feet. 

Section  6. 

E.  half  of  S.  E.  quarter.  Total  depth  30  feet,  perhaps  nearly  to  bed  rock.  A.  T. 
629.  This  well  is  through  hard  blue  clay.  When  the  water  broke  in  it  came  to 
within  4  feet  of  the  top  of  the  T^-ell.  C.  Ciilhane,  owner.  SOj  low,  Ca  low.  CI  med. 
Total  depth  about  60  feet.   P.  Smeder,  driller. 

7.50  N.,  1.500  W.  SO4  trace.  Ca  low.  CI  trace.  Total  depth  66  feet.  Wm.  Davis, 
driller.   This  well  is  now  owned  by  Bleicher. 

400  N..  1700  W.  SO4  low,  Ca  med..  CI  low.  Depth  to  rock  9  feet,  total  depth  10 
feet.   This  well  is  S  or  10  inches  in  rock,  a  greenish  micaceous  sandstone. 

Section  8. 

100  N.,  1500  W.  SO4  trace,  Ca  low,  CI  med.,  Fe  trace.  Depth  to  rock  40  feet,  total 
depth  S8  feet  (other  accounts  say  100  to  103  feet).  A.  T.  639.  This  well  passed  through 
soaprock  at  first,  then  grindstone  and  sandstone.  Homer  Filion,  owner;  A.  Rapson, 
driller.  This  is  a  flowing  well.  The  water  rose  2  feet  above  the  surface,  which  is 
10  or  15  feet  above  the  stream  valley,  but  below  country  level.  It  has  now  about 
one  foot  head. 

1950  N.,  1440  W.  Depth  to  rock  43  feet,  total  depth  66  feet.  A.  T.  650.  SO4  none, 
Ca  tr.,  Fe  tr.,  CI  low;  rises  now  to  10  feet  below  ground.  W.  McGargle,  owner; 
N.  Mosher.  driller.   There  was  lots  of  water  at  28  feet  before  they  came  to  rock. 

1950  N.,  1200  W.  SO4  trace,  Ca  low.  Fe  none,  CI  less  low  than  at  McGargle's  well. 
Total  depth  27  feet.  A.  T.  652.  This  well  is  in  a  verv  blue  clay,  under  which  is 
water.   There  is  also  a  dug  well  20  feet,  perhaps,  to  rock. 

1660  N.,  100  W.    Total  depth  IS  feet.    A.  T.  630. 

50  N.,  400  W.    Total  depth  19  feet.   A.  T.  660. 

Section  9. 

50  N.,  260  W.    Total  depth  16  feet.    A.  T.  662. 
50  N..  660  W.  and  860  W.    A.  T.  662. 

50  N.,  146  W.  A.  T.  662.  The  water  stands  at  4  feet  below  the  surface.  Total 
depth  of  well  14  feet. 

Section  11. 

1950  N.,  1100  W.    Total  depth  19  feet.    A.  T.  645. 
1950  N..  820  W.   A.  T.  650. 

1950  N.,  780  W.    A.  T.  650.    SO4  low.  Ca  med..  CI  low. 

1950  N.,  380  W.  A.  T.  652.  There  are  three  wells  on  this  place  IS.  22  and  27  feet 
deep  respectively. 

50  N.,  200  W.   A.  T.  672.   There  are  outcrops  of  sandstone  at  barn  and  in  the  woods. 

Section  12. 

1950  N.,  1360  W.   Total  depth  to  rock  IS  feet.   A.  T.  652  feet. 
1200  N.   1200  W.    Total  depth  5,  6  or  7  feet  to  rock. 

50  N.,  900  W.  A.  T.  662.  SO4  none,  Ca  trace—,  CI  low.  This  well  is  m  blue  boulder 
clay,  and  not  to  rock. 

50  N.,  1420  W.  Total  depth  8  feet.  A.  T.  665.  The  water  does  not  come  in  fast. 
This  well  is  through  very  blue  stuff.  N.  of  the  house  in  the  hollow  it  is  22  feet 
to  bed  rock. 

50  N.,  1900  W.    Total  depth  14  feet.    A.  T.  672.    This  well  is  at  the  barn. 
1700  N.,  1900  W.   Depth  to  rock  9  feet,  total  depth  23  feet.   A.  T.  646.   The  water 
25-Pt.  II. 
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is  brackish  when  pumped.  The  first  well  is  30  rods  west  of  road,  and  passes  through 
some  conglomerate;  the  lower  part  is  very  hard.  Surface  water  good.  SOj.  CI  and 
Ca  all  medium  when  dipped  from  top.  All  strong  when  pumped.  (2)  Depth  to 
rock  20  feet,  total  depth  30  feet.  SO,  and  Ca  are  medium.  CI  low.  There  is  not 
much  water  in  this  well  in  the  drv  part  of  summer.  It  is  5  feet  higher  than  No.  1, 
and  15  rods  east  of  No.  1.  (3)  Depth  to  rock  20  feet,  total  depth  36  feet.  This  is  at 
the  house.  It  was  drilled  16  feet  in  rock  and  it  is  thought  "soapstone"  was  struck. 
No  water.  (4)  Across  the  road  is  a  well  30  to  35  feet  deep.  (5)  Depth  to  rock  10 
feet,  total  depth  23  feet.  The  water  is  brackish.  This  is  in  the  same  vicinity,  dug 
a  number  of  years  ago. 

Section  13. 

1950  N.,  IISO  W.    SOi  none,  Ca  trace.  CI  low.   Depth  to  rock  7  feet.   A.  T.  662. 
1900  N.,  IISO  W.   Depth  to  rock  6  feet. 

1900  N.,  1700  W.  Depth  to  rock  3  feet,  total  depth  6  feet.  A.  T.  662.  This  well 
passes  through  not  more  than  3  feet  of  shellv  grindstone. 

1625  N.,  1700  W.  Total  depth  5  feet.  A.  T.  6S0.  S.  E.  of  the  school  house  is  sand- 
stone at  the  surface. 

520  N.,  640  W.  SOi  none,  Ca  trace.  CI  trace.  Total  depth  101%  feet.  A.  T.  697. 
Geo.  Robinson,  owner.  There  are  outcrops  of  a  massive  sandstone  like  that  of 
Port  Austin  close  to  the  top  of  the  well.  At  20  feet  there  was  "vein"  of  water, 
and  at  about  75  feet  more  water. 

100  N,,  200  W.   Total  depth  12  feet.   A.  T.  692. 

Section  14. 

1950  N.,  200  W,  Depth  to  rock  5  feet.  A.  T.  6S0.  The  water  is  not  plenty  in  this 
well,  which  is  at  the  barn. 

1500  N.,  200  W.  Total  depth  to  rock  9  feet.  A.  T.  680.  This  well  is  at  the  house 
near  the  road.  40  rods  south  it  Is  only  2  feet  to  rock,  so  that  they  could  not  drive 
post  holes. 

1950  N.,  740  W.   Total  depth,  perhaps  to  rock.  2S  feet.   A.  T.  680. 

50  N.,  520  W.   Total  depth,  not  to  rock.  14  feet.   A.  T.  6S7.   Spalding  owner, 

400  N,,  50  W.   Total  depth  20  feet.   A.  T.  690. 

Section  15. 

600  N.,  100  W.  Depth  to  rock  18  to  20  feet.  A.  T.  6S7.  At  18  to  20  feet  there  is  ^ 
coarse  sandrock  and  the  water  rises  to  4  feet  from  ground.  At  35  feet  there  was  a 
very  hard,  very  white  rock;  at  36  feet  a  sand  stream  in  a  seam  of  the  rock. 

600  N..  150  W.  Depth  to  rock  22  feet,  total  depth  25  to  40  feet.  A.  T.  687.  This  well 
was  dug  22  feet  and  drilled  3  feet,  and  is  without  much  water. 

600  N..  50  W.    Depth  SV-  or  11  feet  to  water.    A.  T.  6S7. 

1950  N.,  640  W.    A.  T.  662.    This  well  is  through  blue  sandv  clav. 

50  N.,  1440  W.   Total  depth  about  12  feet.   A.  T.  69S. 

Section  16. 

1950  N.,  7S0  W.  Depth  to  rock  12  feet,  total  depth  14  feet.  A.  T.  662.  This  well 
passes  through  2  feet  of  sandrock. 

Section  17. 

1975  N.,  iOO  W.  &0,  trace,  Ca  med..  CI  med..  no  iron.  Total  depth  17  feet.  A.  T.  658. 
There  was  12  feet  of  water  In  a  well  twenty  feet  deep,  not  to  rock,  near  bv. 

1950  N..  1260  W.  Total  depth  16  feet.  A.  T.  654.  There  is  3  to  4  feet  of  water  in  this 
well. 

950  N.,  1260  W.    Depth  to  rock  6  to  S  feet. 

1140  N..  1950  W.    A.  T.  650.    (1)  Depth   just  to  rock,  32  feet.    Whitechurch.  driller. 
(2)  Total  depth  28  feet. 
50  N.,  220  W.   Total  depth  29  feet.   A.  T.  657. 

Section  18. 

50  N.,  960  W.   Total  depth  25  feet.    (1040  if  R.  R.  is  center  line.)   A.  T.  650. 

Section  20. 

980  N.,  220  W.  Depth  to  rock  54  feet,  total  depth  ISl  feet.  A.  T.  652.  At  about  85 
feet  the  main  stream  of  water  came.  J.  Bleicher,  owner.  Rapson  drilled  deeper 
after  Kelly  had  drilled  it  to  55  feet  with  no  water.  They  wanted  a  flow  and  there- 
fore had  to  go  deeper  than  otherwise  for  water.  The  rock  passed  through  is 
bluish.    SO4  trace,  Ca  low,  CI  med.   No  Fe. 

1240  N.,  1950  W.  A.  T.  652.  SOi  trace,  Ca  low,  CI  low.  Depth  to  rock  24  feet, 
total  depth  48  feet.  M.  Fremont,  owner.  This  well  is  at  the  house.  Another  well 
at  the  barn  goes  30  feet  without  striking  rock. 

Section  21. 

1980  N  1780  W.  SO,  trace  Ca  trace,  CI  low.  This  water  is  unsuitable  for  wash- 
ing. Dejjth  to  rock  30  or  40  feet.  Total  depth  about  60  feet.  A.  T.  660.  Wooster, 
owner. 

50  N.,  840  W.    Depth  to  rock  IS  feet,  total  depth  21  feet.   A.  T.  672. 

Section  22. 

1950  N.,  1440  W.    Depth,  not  to  rock,  16  feet.   A.  T,  697. 
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Section  23. 

1930  N..  1360  W.  Total  depth  9  feet.  A.  T.  f.SS.  This  well  is  on  the  edge  of  a  five- 
foot  gullv. 

1950  N..  50  W.    Total  denth  14  feet.    A.  T.  m.    This  water  is  hard. 

50  N.,  50  W.  Depth  to  rock  10  feet,  total  depth  10  feet.  A.  T.  689.  This  well  is 
to  sand  rock,  and  could  get  no  further.  There  are  numerous  large  blocks  of  fos- 
siliferous  sandstone  around  here,  especially  on  Sec.  26,  which  seem  to  be  the  out- 
crops or  almost  so.  In  post-holing,  and  also  back  on  the  north  end  of  the  lot  the 
rock  is  shown  to  be  surely  in  place. 

Section  24. 

1950  N.,  SIO  W.  SO,  none.  Ca  trace.  CI  trace.  Depth  to  rock  7  feet,  total  depth 
91/;.  feet.   A.  T.  690.    This  well  is  in  soft  rock,  like  sand. 

300  N..  100  W.  -A.  T.  677.  SO4  0.  Ca  trace,  CI  trace.  Total  depth  90  feet.  Mr. 
W.  J.  Wilson,  owner.  Tom  Rapson,  driller.  The  soil  was  sandy.  At  first  this 
well  was  only  50  feet  deep,  but  the  water  was  not  good,  and  the  well  was  then 
put  down  to  90  or  96  feet. 

260  N.,  50  W.   A.  T.  672.   Total  depth  16  feet.    This  well  is  through  boulder  clay. 

Section  26. 

250  N.,  1560  W.  SO,  trace.  Ca  and  CI  low.  Total  depth  24  feet.  A.  T.  699.  Wm. 
Robinson,  owner.   This  well  is  in  quicksand  40  rods  north  of  road. 

A.  T.  689.  The  sandstone  is  near  the  surface  at  the  northeast  corner  of  this 
section. 

Section  27. 

0  N.,  1640  W.  SOt  tr.,  Ca  low.  CI  low.  Total  depth  38  feet.  A.  T.  692.  This  well 
was  dug  16  feet  and  bored  with  a  two-inch  auger  to  38  feet.   It  is  not  in  rock. 

Section  28. 

1950  N..  50  W.  A.  T.  646.  (1)  Total  depth  40  to  46  feet.  SO,  trace,  Ca  low,  CI  low. 
(2)  Total  depth  24  feet. 

1950  N.,  1500  W.  Depth  to  rock  12  feet,  total  depth  15  feet.  A.  T.  667.  This  well 
is  through  sandy  gravel  soil;  a  15  feet  gully  occurs  just  south. 

1900  N.,  1950  W.   Total  depth  18  feet.   A.  T.  662. 

Section  30. 

820  N.,  2000  W.    SO,  low,  Ca  trace,  CI  trace.   Total  depth  20  feet.   A.  T.  679.  Joseph 
Thompson,  owner.   This  well  is  in  clay. 
1480  N.,  2000  W.   Total  depth  14  feet  in  clay.   A.  T.  682. 
1040  N.,  2000  W.    Total  depth  12  feet. 


Section  31. 

1950  N.,  780  W 
-ederick  Engeh 

Section  32. 


1950  N.,  780  W.  This  water  is  not  very  hard.  Total  depth  14  feet. 
Frederick  Engels,  owner.   This  well  is  in  clay. 


Total  depth  22  feet.    A.  T.  720.    There  are  four  wells  here  in  clay 


Section  33. 


2000  N.,  1860  W.  SO,  trace,  Ca  and  CI  low. 
Knaski.  owner.  This  is  the  old  saw  mill  ' 
and  the  well  is  very  full. 

Section  34. 

2000  N.,  1340  W.  SO,  traces,  Ca  low,  CI  low.  Total  depth  38  feet.  A.  T.  685. 
This  well  is  dug  16  feet,  and  was  bored  with  a  two-inch  auger  to  38  feet.  There 
was  no  rock. 

0  N.,  360  W.  Total  depth  30  feet.  A.  T.  710.  This  well  is  through  gravel  and 
clay  to  bottom  of  clay  where  the  water  broke  through. 

Section  35. 

220  N.,  0  W.    Total  depth  16  feet.  A. 
640  N.,  2000  W.    Total  depth  22%  feet.  . 
to  clay. 

Total  depth  22  feet.  This  well  is  of  the  same  character  as  the  last  and  is  in  the 
same  locality. 

Section  36. 

2000  N.,  1960  W.  A.  T.  1663.  There  are  two  shallow  wells  here,  one  8  feet  and  the 
other  12  feet  deep  in  clay.   There  are  no  drilled  wells  in  this  neighborhood. 
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Huron  Township  (T.  IS  X.,  E.  14  E.    I),  and  L.). 

According  to  T.  Rapson  there  Is  a  strip  of  country  about  2  miles  wide  from 
Grindstone  Citj^  to  Sand  Beach  where  the  water  is  salty,  the  section  being  about 
as  follows: 

4  to  5  feet  surface,  then  blue  clay. 

40  feet  rock,  a  soapstone  with  a  few  feet  (8-10)  of  sandstone. 
At  100  feet  we  get  salt  water. 

The  wells  around  here  should  be  65  to  75  feet  deep,  if  much  deeper  the  water  is  too 
salt.    In  other  words,  soon  after  striking  the  Coldwater  shales  we  get  salt  water. 

Back  of  Huron  City  the  depth  to  rock  is  25  to  30  feet,  total  depth  70  feet.  The 
surface  wells  are  12  to  14  feet  deep.  The  deeper  drilled  wells  are  60  to  70  feet  deep. 
At  65  to  75  feet  a  sandstone  is  met,  with  blue  clay  above  it  and  soaprock  like  the 
bottom   of  Willow  Creek  ci.  e.,  shales)  below. 

Section  2. 

150  N.,  1400  W.  SO4  tr.,  Ca  low  — ,  CI  low.  Depth  to  rock  3  feet,  total  depth  10 
feet.    A.  T.  669.    Wm.  Bruce,- owner.    It  is  3  feet  to  ■'shell"  rock. 

450  N.,  330  W.  SO4  trace,  Ca  low,  CI  low.  The  water  is  pretty  hard.  The  depth  to 
rock  12  feet,  total  depth  12  feet.  A.  T.  659.  A.  Morrison,  owner.  This  well  is  at 
his  house.  He  has  a  well  at  the  barn  16  feet  deep,  just  to  rock,  and  in  1S95  he  was 
short  of  water. 

500  N.,  500  W.  Total  depth,  just  to  rock,  4  feet.  A.  T.  650.  This  well  is  30  rods 
back  of  barn. 

Section.  4. 

1660  N.,  640  "W.    SO4  low,  Ca  low.  CI  strong.  Jig  trace.   Depth  to  rock  12  to  13 
feet,  total  depth  18  feet.   A.  T.  611. 
1660  N.,  500  W.   Total  depth  14  feet.   A.  T.  611. 

1600  N.,  425  W.  SO4  low,  Ca  med.,  CI  med.  +  Total  depth  40  feet.  A.  T.  636.  This 
well  was  at  Hubbard's  barn,  now  owned  by  W.  L.  Phelps. 

Section  3. 

0  N.,  760  "^V.  SOi  low,  Ca  low.  Depth  to  rock  25  feet.  A.  T.  630.  In  this  well 
there  was  shell  rock  1  foot  10  inches  thick  and  then  grindstone.  There  was  a  seam 
containing  water  between  the  two. 

900  N.,  950  W.   Total  depth  23  feet.   A.  T.  632.   This  well  was  dug  by  Forbes. 

760  N.,  1050  W.  A.  T.  632.  (1)  Total  depth,  not  to  rock,  24  feet.  Geo.  Wressel, 
owner,  at  house.  (2)  Depth  to  rock  37  to  39  feet,  total  depth  63  feet.  This  well  is 
in  sandstone  at  the  barn. 

440  N.,  1050  W.  (1)  Depth  to  rock  11  feet,  total  depth  15  feet  4  inches.  A.  T.  637. 
This  well  is  in  rock,  a  sandstone  with  a  good  grit.  (2)  Depth  to  rock  5%  feet,  total 
depth  b  feet.  A.  T.  633.  This  well  is  back  in  the  orchard  and  is  lower  by  four 
feet. 

220  X..  950  W.  Depth  to  rock  5  feet,  total  depth  8  feet.  This  well  is  five  feet  to 
rock  and  goes  through  3  feet  of  grindstone. 

Section  6. 

1560  N.,  2000  W.  A.  T.  632.  SO*  trace,  Ca  low,  CI  low.  There  are  two  wells  here, 
one  at  the  house,  and  one  at  the  barn.  They  are  22  feel  to  rock,  total  depth  22  feet, 
and  contain  14  feet  of  water. 

260  Is.,  loOO  W.  Total  depth  35%  feet.  A.  T.  637.  This  well  was  dug  23%  feet  and 
drilled  12  feet.  They  did  not  find  water.  (2)  Total  depth  11  feet.  A.  T.  639.  (3) 
Total  deptn,  just  to  rock,  37  feet.  A.  T.  639.  This  well  was  dug  22  feet  and  drilled 
15  feet,  and  was  probably  through  grindstone.   There  was  no  water  at  rock. 

50  N.,  1640  W.   A.  T.  640.   Total  depth  to  rock(?)  22  feet. 

Section  7. 

1950  N.,  400  W.  Total  depth  28  feet.  A.  T.  632.  Thos.  Colander,  owner.  This  well 
is  at  the  house,  and  is  only  to  chunks  of  sandstone. 

1900  N.,  40O  W.  Total  depth  21  feet.  This  well  is  at  the  barn.  There  is  sandstone 
in  stream  16  feet  lower,  not  far  off  and  blue  slate  is  said  to  lie  over  It. 

Depth  to  rock  25  feet  or  more,  total  depth  35  feet.  A.  T.  650.  SO*  tr.,  Ca  low, 
CI  low,  Fe  0.   There  is  plenty  of  water  in  this  well.    McBrine,  owner. 

1300  N.,  1500  W.  Depth  to  rock  40  feet,  total  depth  60  feet.  A.  T.  642.  From  10  to 
40  feet  there  is  blue  clay.    Chas.  Schubel,  owner. 

About  2000  N.,  200O  W.    It  is  26  feet  to  rock. 

Section  8. 

1920  N.   1000  W.  Total  depth,  probably  not  to  rock,  18  feet.   A.  T.  640. 

1920  N.,  1000  W.  Total  depth  13%  feet.   A.  T.  640.  „  .  . 

1120  N.,  900  W.  Total  depth  16  teet.   A.  T.  65/.   This  well  was  dry  in  summer  of 

■^'^loN.,  1140  W.   Total  depth  probably  14  feet.   A.  T.  650.         „        ,  ,  ,„ 

50  N.,  1660  W.   Total  depth  22  to  25  feet.   A.  T.  6oc.   This  well  used  to  be  only  18 

feet  deep,  and  now  goes  probably  to  rock. 
50  N    740  W.    SO4  low,  Ca  low,  CI  trace.   Total  depth  25  feet.   A.  T.  640.  This 

well  passes  through  blue  grindstone  with  1  foot  10  inches  of  shale  at  the  bottom, 

with  a  seam  of  water  between  them. 
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Section  9. 

0  N.,  1160  W.  Depth  to  rock  i  feet,  total  depth  5  feet.  A.  T.  621.  This  well  is  in 
stream  valley. 

0  N.,  1780  W.   Total  depth,  just  to  rock,  IS  feet.   A.  T.  643. 

Section  10. 

900  N.,  50  W.  Ca  tr.,  SOt,  0,  CI  0.  Depth  to  rock  10  feet,  total  depth  13  feet.  A.  T. 
663.  This  well  was  incomplete,  and  passed  through  soft  slabby  sandstone  that 
coulJ  be  handled  with  pick  and  shovel. 

1240  N.,  50  W.    Total  depth  9  or  10  feet,  not  to  rock.    A.  T.  642. 

1640  N.,  50  W.    Total  depth  8  feet.    A.  T.  642. 

Section  11.. 

1700  N.,  1100  W.  The  water  is  harder  than  in  the  well  north.  (1)  Total  depth  16 
feet  at  the  house.  SO4?,  Ca  med.,  CI  low.  (2)  Depth  to  rock  4  feet,  total  depth  87 
feet  at  the  barn. 

4  feet  surface  before  rock. 

12  feet  dug  in  sandstone  (Lower  Marshall  sandstone?). 

!s7  feet  drilled,  but  not  enough  water  came  to  drill  with  (Coldwater  shale). 
There  was  no  gravel  in  this  well. 

1700  N.,  950  W.  Depth  to  rock  4  to  6  feet,  total  depth  22  feet.  SO4  none,  Ca  tr., 
CI  tr.,  soft  water.  This  well  is  right  on  front  of  the  terrace  close  to  a  steep 
descent. 

465  N.,  50  W.  This  well  is  in  rock,  total  depth  6  feet. 
300  N.,  1950  W.    Depth  to  rock  S  feet,  total  depth  IS  feet. 

Section  12. 

460  N.,  1950  W.  Total  depth  13  feet.  A.  T.  632.  This  is  a  drilled  well  for  12  feet. 
The  water  comes  slowly  (probably  in  the  shale). 

Section  13. 

750  N.,  1950  W.  Depth  to  rock  15  to  16  feet.  A.  T.  652.  The  last  ten  feet  of  this 
well  was  dynamited  through  fine  grained  sandstone  (grindstone  with  streaks  of 
blue  shale),  not  very  fossiliferous. 

.  50  N.,  700  W.  Depth  to  rock  6  feet,  total  depth  18  feet.  A.  T.  652.  A.  Brinning, 
owner. 

1900  N..  120O  W.  A.  T.  627.  (1)  This  well  is  said  to  be  in  rock  only  8  feet,  total  depth 
32  feet,  but  the  bluff  nearby  shows  arenaceous  shale  close  to  the  surface.  (2)  Total 
depth  22  feet.  (3)  Total  depth  14  feet.  The  wells  around  here  are  never  dry,  but 
do  not  yield  much  water. 

Section  11. 

50  N.,  200  W.   Depth  to  rock  IOV2  feet,  total  depth  12  feet.   A.  T.  645. 
100  N.,  360  W.   Total  depth  4  feet.   A.  T.  645.   This  is  merelv  a  hole,  and  has  poor 
water. 

Section  15. 

^1900  N.,  1600  W.   SO4  0,  Ca  tr.,  CI  low.   Depth  to  rock  4  feet,  total  depth  16  feet. 

1900  N.,  1120  W.  Depth  to  rock  S  feet,  total  depth  15  feet.  A.  T.  683.  This  well 
has  plenty  of  water.  This  well  is  in  grindstone  rock.  Rock  has  been  found  in 
post  holes  between  the  two  wells  just  mentioned. 

Section  16. 

2000  N.,  about  475  W.   Depth  to  rock  16  feet. 

180  N.,  1050  W.  Depth  to  rock  3.5  feet,  total  depth  151/2  feet.  A.  T.  645.  This  well 
passes  through  5  feet  of  rock  and  7  feet  of  clay,  then  grindstone  and  water. 

Depth  to  rock  7  feet.   This  is  north  of  the  last  mentioned  well  and  found  water. 

1500  N.,  600  W.  Depth  to  rock  2%  feet,  total  depth  121/2  feet.  A.  T.  640.  This  well 
passed  through  10  feet  of  sandstone,  then  grindstone,  and  is  at  the  school  house. 

1900  N.,  440  W.   Depth  to  rock  16  feet.   A.  T.  649. 

Section  18. 

1900  N  ,  1100  W.  Depth  to  rock  25  to  26  feet,  total  depth  30  to  36  feet.  This  well 
is  in  rocic.   Water  around  here  is  generally  found  at  8  to  10  feet  in  gravel. 

980  N.  1000  W.  SOi  strong.  CI  strong,  Ca  med.  Depth  to  rock  52  feet,  total 
depth  87  feet.  A.  T.  666.  Evan  Wade,  owner.  This  well  has  been  also  reported 
to  be  40  feet  to  rock  and  60  to  80  feet  deep.  It  goes  through  15  feet  of  grindstone, 
then  through  soap  rock  or  clay  into  sandstone  again.  In  the  bottom  of  the  creek 
there  is  blue  clay. 

1600  N.,  950  W.  Depth  to  rock  52  or  53  feet,  total  depth  52  or  53  feet.  A.  T.  627.  M. 
McDonald,  owner.   This  well  was  dug  20  feet,  and  bored  32  feet. 

SOi  low,  Ca  med.,  CI  med.  Total  depth  7  feet.  A.  T.  627.  This  is  a  dug  well  at 
the  barn. 

1280  N.,  1950  W.    Total  depth,  not  to  rock,  1914  feet.    This  well  is  in  clay. 

Section  19. 

1950  N.,  1140  W.  Depth  to  rock  22  to  23  feet.  A.  T.  653.  This  well  is  in  clay  to 
quicksand. 
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Section  21. 

300  N..  950  W.    Total  depth  13  feet.    A.  T.  670.    This  well  is  in  clay. 
2000  N.,  950  W.    Depth  to  rock  10  feet,  total  depth  IIU  feet.    A.  T.  642.    There  is  2 
feet  of  grindstone  in  this  well,  then  1  foot  of  blue  clav. 
Depth  to  rock  11  feet,  total  depth  14  feet.    A.  T.  about  642. 

2000  N..  1900  W.  Depth  to  rock  10  feet,  total  depth  14  feet.  A.  T.  652.  This  well  is 
in  sandstone.  The  rock  is  said  to  be  9  to  11  feet  from  the  surface  and  makes  a 
layer  of  sandstone  2  feet  thick,  then  comes  10  feet  of  blue  clay,  then  sandrock 
again.   The  clay  probably  represents  shale. 

Section  24. 

1800  N.,  1800  W.  Depth  to  rock  10  feet,  total  depth  12  feet.  A.  T.  650.  Tischendorf, 
owner. 

1900  N.,  1160  W.    Depth  to  rock  6  feet,  total  depth  22  feet.   A.  T.  650.   This  well  was 
drilled  and  blasted.   A.  F.  Banker,  owner. 
1900  N.    Total  depth  14  feet.    A.  T.  650. 

Section  28. 

50  N.,  820  W.  A.  T.  687.  SO,  tr.,  Ca  tr.,  CI  low.  Depth  to  rock  13  feet,  total  depth 
16  feet.  This  well  is  at  the  house  east  of  road,  and  passes  into  grindstone  rock. 
There  is  a  well  13  feet  deep,  just  to  rock,  east  of  this  one. 

Section  29. 

1750  N.,  1700  W.  40  rods  E.  and  40  rods  S.  of  N.  E.  corner  of  Sec.  29.  H2  SO,  trace, 
Ca  trace,  CI  low.  Depth  to  rock  3S  feet,  total  depth  52  feet.  A.  T.  692.  Thomas 
King,  owner;  T.  Rapson,  driller.  The  rock  in  this  well  is  probably  grindstone  for 
12  feet,  then  soapstone. 

1000  N..  1000  W.  Depth  to  rock  28  feet,  total  depth  28  feet.  A.  T.  644.  Mr.  Gaine, 
owner.  This  well  is  at  the  edge  of  the  stream  ^2  mile  N.  and  W.  of  S.  E.  cor.  of 
Sec.  30  (?). 

Section  30. 

50  N.,  1720  W.   Depth  16  feet.   A.  T.  691.   This  well  is  in  gravel  and  clay. 
50  N.,  50  W.    Total  depth  26  feet.    A.  T.  6S4. 

Section  31. 

1950  N.,  160  W.  Total  depth  10  feet.  A.  T.  6S4.  In  clay.  There  is  4  feet  of  water 
in  this  well. 

Section  33. 

1900  N.,  700  W.  Total  depth,  just  to  rock,  13  feet.  A.  T.  6S5.  This  well  is  to 
grindstone. 

About  1500  N.,  about  1000  W.    Depth  to  rock  13  or  14  feet. 

Section  34. 

2000  N.,  500  W.    Depth  10  to  20  feet.   A.  T.  691.   This  is  the  average  depth  for  wells 
around  here  to  grindstone  rock. 
0  N.,  480  W.    Depth  to  rock  7  feet.    A.  T.  704. 

Gore  Township  (T.  18  X.,  R.  15  E.  L.). 

In  a  strip  of  country  about  2  miles  wide,  water  is  salty  at  about  100  feet,  for 
example,  Weiss's  well. 

Section  18. 

0  N.,  1900  W..  A.  T.  627.  (1)  W.  H.  Cole,  owner,  at  house.  Total  depth  26  feet. 
(2)  Water  in  a  blue  stony  gravelly  clay  (till),  cold  but  not  abundant. 

Section  30. 

Cl  med.  Depth  to  rock  28  feet.  A.  T.  6S1.  This  well  was  bored  but  the  tools 
stuck.    Chas.  Gettz,  owner. 

Section  32. 

100  N..  1600  W.  Depth  to  rock  30  feet,  total  depth  154  feet.  A.  T.  659.  Cl  strong, 
salty  taste.  F.  Weiss,  owner.  At  about  35  feet  soapstone,  a  little  water,  no  more 
was  found  in  going-  deeper. 

Section  33. 

900  N..  1300  W.  Wm.  Schlaach.  owner.  A.  T.  600.  This  well  is  said  to  vary  with 
the  wind,  rising  when  the  wind  is  off  the  lake.   The  well  is  close  to  the  lake. 
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Port  Austin  Township  (T.  19  K,  R.  12  E  ). 

Section  25. 

E.  1/2  of  S.  E.  14.  Total  flepth  about  1200  fept.  A.  T.  r>92.  This  is  the  well  reported 
by  Rominger  and  Garrigues  had  drillings  of  it.  See  Vol.  V,  Pt.  II,  p.  75-76.  Sum- 
mary of  record:  1-336  feet  sandstones  and  conglomerates  of  the  Lower  Marshall, 
fresh  water;  336-1120.  blue  shale;  1120-1160,  red  shale  (Berea  shale)  at  bottom;  1160- 
1225.  sandstone,  brine  (the  Berea  Grit). 

Section  36. 

Depth  to  rock  about  16  feet,  total  depth  40  feet.  A.  T.  616.  SO.  trace,  Ca  med., 
CI  low.  red  matter.    This  well  went  through  10  feet  of  sand,  then  red  clay  to  rock. 

Depth  to  rock  6  feet,  total  depth  SO  feet.  A.  T.  610.  50  steps  farther  on.  SOi  trace, 
Ca  low.  CI  trace.  Some. parts  of  this  well  are  blue  stone,  and  from  78-80  is  hard 
blue  rock. 

1000  N.,  50  W.  Depth  to  rock  2  feet,  total  depth  40  feet.  A.  T.  632.  SO,  0.  Ca  trace, 
CI  trace.  Water  comes  in  at  about  5  feet.  J.  R.  Learned,  owner.  There  is  a  well 
near  by  about  7  feet  deep. 

T.  19  N.,  E.  13  E. 
Section  23. 

The  section  exposed  June  24.  1S96,  showed  9  inches  arenaceous  shale.  3  inches 
conglomerate.  12  feet  grindstone.    There  was  a  well  according  to  Supt.  Wallace, 

800  N..  1000  W.  A.  T.  592,  which  shows  0-25  feet,  grindstone,  then  soaprock.  etc., 
at  SO  feet  brine  in  3  feet  of  sandstone,  at  95  feet  soap  rock.  It  is  probably  the 
same  well  as  the  following;  also  said  to  be  at  Eagle  Bay:  0-24,  sandstone;  24  to  54 
soaprock.  54  to  7S  feet  sandstone,  and  the  rest  shale.  The  sandstone  has  con- 
glomerate streaks,  bits  of  coal  and  fish  teeth.  A  well.  100  yards  away  is  said  to 
have  shown  coal,  cf.  Geol.  Surv.  of  Mich.,  Ill,  p.  71.  Winchell  also  reports  a 
pocket  of  coal  as  having  been  uncovered  in  grindstone  quarrying.  At  the  grind- 
stone quarries,  "there  are  .30  feet  of  soapstone.  24  feet  of  sandstone,  and  the  rest  is 
shale."   100  yards  away  there  was  another  well  with  core. 

340  N..  950  W.  Depth  to  rock  5  feet,  total  depth  10  feet.  A.  T.  596.  This  is  on  top 
of  a  slight  rise  and  goes  into  fine  grained  rock. 

Section  25.    Grindstone  City, 

1600  N.,  600  W.  A.  T.  592.  (1)  This  is  at  the  present  meat  market,  close  to  the  sta- 
tion. See  Vol.  V.  p.  62.  The  Berea  sandstone  is  said  to  occur  at  1010  to  lOSO  feet 
depth. 

(2)  In  the  present  grindstone  mil!  about  200  feet  east,  about  as  deep. 

1600  N.,  525  W.  A.  T.  592.  In  September,  1897.  Church  Brothers  and  Company 
put  down,  close  to  this  well  in  the  Cleveland  Stone  Company's  quarry,  a  well  for 
water.  In  the  first  ten  feet  some  water  was  met  in  some  salty  shales  which  was 
cased  off.  Cf.  E.  Wade's  well  on  Sec.  18,  T.  IS  N..  R.  14  E.  Then  they  went  (360  -|- 
i5)  435  feet  without  getting  water,  i.  e.,  in  the  Coldwater  shales  all  the  way. 
•1250  N..  200  W.  Total  depth  19  feet.  A.  T.  602.  It  is  five  feet  to  loose  rock  in  this 
well,  and  S  feet  through  grindstone  to  water,  and  then  7  feet  of  soaprock. 

50  N..  1460  W.  A.  T.  612.  At  school  house.  This  water  is  yellow.  Pumping  two 
pails  exhausts  the  well.    SO,  0.  Ca  tr.,  CI  low.   Drilled  well. 

1950  N..  120  W.  7  feet  to  rock.  A.  T.  599.  The  record  at  the  quarrv  near  bv  is  as 
follows:  1  foot  dirt.  1  foot  loose  stuff.  10  feet  quarrv,  30  feet  from  bottom  of 
quarry  to  soaprock.   There  is  no  water  in  this  well. 

Section  26. 

50  N.,  1820  W.  A.  T.  G36.  SO4  low  (like  R.  Lundy  on  Sec.  34,  T.  19  N..  R.  13  E.),  CI 
med..  Ca  low,  Mg  trace.    This  is  a  drilled  well. 

50  N.,  1280  W.  Depth  to  rock  5  feet,  total  depth  112  feet.  A.  T.  632.  SO4  tr..  Ca 
(lowest  of  the  wells  anywhere  near)  tr.,  CI  tr.,  Mg.  tr.  Wm.  Nash,  owner.  This 
well  passed  through  5  feet  of  surface.  10  to  12  feet  of  sandstone.  20  feet  of  grind- 
stone. 5  to  6  feet  of  soaprock,  then  grindstone  and  then  soaprock.  mainly,  with 
hard  veins  and  black  stuff  at  bottom.  There  is  black  oil  on  the  water.  (The  hard 
veins  are  probably  nodules  of  carbonates  or  pvrite.) 

50  N..  740  W.  Depth  to  rock  4  feet,  total  depth  10  feet.  A.  T.  640.  This  well 
passes  through  4  feet  of  drift.  6  feet  of  sandstone,  then  blue  shale.  In  some  places 
it  is  but  IS  inches  to  rock  on  this  farm. 

1060  N.,  160  W.  SO4  low,  Ca  low.  CI  low.  Total  depth  20  feet.  A.  T.  603.  Wm. 
Jackson,  owner. 

1950  N..  1900  W.  Depth  to  rock  18.5  feet.  Total  depth  19  feet.  A.  T.  632.  The  water 
rose  at  first  to  S  feet  from  top,  now  it  is  14  feet  from  the  surface,  Ca  low,  SO,  low, 
CI  med. 

Section  27. 

50  N..  1900  W.  Total  depth  10  feet.  A.  T.  622.  There  are  four  wells  around  here 
and  they  were  dry  in  the  summer  of  1895.  SO,  low,  Ca  med.,  CI  strong,  Mg  low. 
Mrs.  Kramer,  owner.    Some  people  like  the  salt  taste  of  this  well  better. 

50  N.,  1760  W.  SO,  very  low.  CI  med..  Mg  tr..  Ca  med.  (all  less  than  in  the  ten- 
foot  wells.   Total  depth  17  feet.   A.  T.  622.   This  well  was  drilled  by  Tom  Rapson. 

50  N.,  800  W.   SO,  trace  -|-,  Ca  low,  CI  med.,  Mg  tr.   Brownish  white  scale  of 
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carbonates  on  the  kettle,  pretty  hard.  Depth  to  rock  12  feet,  total  depth  90  feet. 
A.  T.  610.  Ed.  Meagher,  owner.  This  well  passed  through  12  feet  of  surface,  40 
feet  of  sandstone  with  2  to  3  feet  of  gravel  bed  (conglomerate)  at  bottom,  41  feet 
of  soapstone.   There  was  no  gain  in  water  supplv  in  this  last. 

1080  N..  1900  W.    SOi  tr..  Ca  low.  CI  low.   Depth  to  rock  16  feet.   A.  T.  612. 

1950  N.,  1.320  W.    Total  depth  S  feet.   A.  T.  612.   This  well  is  2  feet  in  rock. 

1950  N..  180  W.  CI  low.  SO,  low.  Ca  low.  Total  depth  14  feet.  A.  T.  642.  J.  Hall, 
owner.   This  well  is  at  the  house  and  goes  only  into  loose  broken  rock. 

1950  X..  280  W.  CI  low,  SO*  low,  Ca  low.  Ca  and  SO4  less  than  at  house.  Depth 
to  rock  8  feet,  total  depth  10  feet.   A.  T.  642.   This  well  is  at  the  barn. 

Section  28. 

A.  T.  610.   Depth  to  rock  18  feet,  total  depth  75  feet. 

Section  29. 

(1050  feet)  400  N.,  1990  W..  A.  T.  596.  Railroad  well.  This  is  hard  water.  The  record 
is  by  J.  Pearson,  Dec,  1895.  Total  depth  102  feet,  soil,  sand  5  feet,  95  feet  rock,  clay 
and  water  under. 

(3040  feet  N.,  SO  feet  E.)  1150  paces  X..  1940  paces  W.  A.  T.  587.  Total  depth 
1200  feet.  SO4  strong,  CI  med.,  more  Ca  than  lake  water,  Fe  not  enough  to  give 
yellow  precipitate.   Carrington's  salt  works  has  an  abandoned  flowing  well. 

(2)  1000  X.,  225  W.  Depth  1198  feet.  A.  T.  590.  Avres'  well  is  similar,  "second  salt 
well  in  Michigan."   Cf.  Record  given  by  Wright.  Geol.  Surv.  Mich.,  V,  p.  76. 

1-275  feet  sandv  shale. 

275-1100  feet  blue  and  red  shales. 

1100-1200  feet  porous  sandstone. 

The  analysis  of  the  brine  is  given  in  a  previous  section. 

Section  30.    Port  Austin. 

The  wells  around  Port  Austin  are  60  to  100  feet  deep  and  the  rock  is  close  to 
the  surface.    Some  of  the  wells  are  flowing. 

A.  T.  about  600.  13^^  feet  to  rock,  total  depth  14  feet.  Carpenter,  owner.  This 
well  is  3  feet  in  gravel  and  6  inches  in  rock.  There  are  several  wells  about  14  feel 
deep,  all  similar,  owner  by  Addison.  Williams.  Cartwright.  and  Latham. 

450  N..  1200  W.  A.  T.  610.  Depth  to  rock  16  feet,  total  depth  60  feet.  (At  the 
Methodist  church  the  rock  surface  leaves  the  sand  and  begins  to  get  clav  on 
top.)   It  is  about  16  feet  to  rock. 

A.  T.  802.  Depth  to  rock  4  feet,  total  depth  75  feet.  Ayres,  owner.  The  record 
is  from  memory,  white  sandrock.  slate  rock  with  a  darker  black  scum  to  water. 
Quite  a  streak  to  soaprock.  grindstone,  coarse  gravel  and  sandrock. 

400  X^..  1000  W.  SO4  low.  Ca  low.  CI  strong.  Total  depth  lOi  feet.  A.  T.  607.  J. 
Buttars,  owner.    The  water  was  cut  off  at  75  feet. 

800  N.,  450  W.  Depth  to  rock  15%  feet,  total  depth  112  feet.  A.  T.  595.  The  water 
rose  to  5  feet  below  the  surface  and  there  was  plenty  of  it.  CI  low,  Ca  low,  SO< 
low,  Mg.  CO2  present.  The  water  left  a  red  tea  kettle  scale.  96>4  feet  of  the  rock 
was  blue  stone,  etc.   Mr.  Lundy.  owner,  on  Spring  street. 

650  feet  X..  900  feet  W.  245  paces  X..  337  W.  CI  low,  SOi  low.  Ca  low.  Depth  to 
rock  12  feet,  total  depth  60  feet.   A.  T.  599.   J.  R.  Learned,  owner. 

225  X..  150  W.  CI  strong,  SO4  med..  CI  med.  Total  depth  165  feet.  A.  T.  596.  This 
well  is  at  the  barn  and  used  to  flow  more  than  at  the  house. 

300  X..  75  W.  Depth  to  rock  10  feet,  total  depth  10  feet.  A.  T.  592.  This  well  is  at 
the  creamery.    There  is  a  well  17  feet  deep  at  the  planing  mill. 

7.50  X.,  710  W.    Lot  20  of  original  plat.    Total  depth  90  feet.    A.  T.  590. 

A  water  from  Port  Austin  has  Sp.  Wt.  1.004.  Cf.  Learned's  well.  In  a  well  V> 
mile  from  shore,  the  water  is  said  to  be  roily  when  the  lake  is  stormy. 

Section  31. 

920  X.,  500  W.  A.  T.  610.  Total  depth  17  feet.  There  is  no  bed  rock  in  this  well, 
but  there  is  10  feet  of  water. 

160  X.,  about  500  W.  A.  T.  610.  Total  depth  24  feet.  This  well  is  through  clay  to 
sand  and  has  12  feet  of  water. 

Section  32. 

SIO  X..  50  W.   Total  depth,  not  to  bed  rock,  16  feet.   A.  T.  612. 

1950  X.,  1240  W.   A.  T.  612.   Blue  sand  and  clay  were  thrown  out  of  this  well. 

Section  33. 

1950  X^..  300  W.  Total  depth  100  or  110  feet.  SO,  low,  Ca  low,  CI  med.,  Mg  low. 
The  water  is  too  silt.   The  well  is  at  J.  Ryan's  house. 

1950  N..  1S40  W.  Mg?,  Ca  low,  CI  med..  SO,  low,  Mg  SO,  rather  marked.  Depth 
to  rock  17  feet,  total  depth  22  feet.   A.  T.  609.    S.  J.  Murdens.  owner. 

1950  X.,  1260  W.  Depth  to  rock  12  feet,  total  depth  12  feet.  A.  T.  602.  SO*  low. 
CI  med.,  but  less  than  at  Murden's,  not  half  as  much  Mg  SO,,  but  more  Ca.  This 
well  was  dug  to  rock.   This  is  a  flat  ground  moraine  country. 

1950  X.,  860  W.  Total  depth,  just  to  rock,  16  feet.  A.  T.  610.  The  well  is  sometimes 
dry.    SO,  low,  Ca  low,  CI  med.  -|-,  Mg  low. 

Section  34. 

E.  half  of  X.  W.  quarter,  1950  N..  700  W.  There  is  plenty  of  water  in  this  well. 
SO,  low.  but  more  than  in  last  well  on  Sec.  27-19-13.  Depth  to  rock  21  or  18  feet, 
total  depth  40  or  42  feet. 
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100  N.,  100  W.   Total  depth  16  feet,  not  to  rock.   A.  T.  627. 
50  N..  1260  W.    Total  depth  22  feet.    This  well  once  went  dry. 
50  N.,  1960  W.   SOi  low.  Ca  low.  CI  med.   Total  depth  18  feet  (just  to  rock?). 
640  N.,  107  W.    Total  depth  22  feel.   V.  Ku!a  owner  (nearly  to  rock?). 
1950  N.,  700  W.   A.  T.  620.    SO,  low.    Depth  to  rock  near  21  feet,  total  depth  42 
feet.   R.  Lundy,  owner. 

50  N.,  140  W.  A.  T.  622.  This  is  a  shallow  well. 
50  N.,  860  W.    ThLs  is  another  shallow  well. 

50  N.,  1260  W.    A.  T.  622.    Total  depth  22  feet.    This  well  once  went  dry. 
50  N.,  I960  W.   SO4  low.  Ca  low,  CI  med.    Depth  to  rock  18  feet,  total  depth  18 
feet.   A.  T.  617.   This  well  is  through  claj'. 

Section  35. 

1950  N.,  1640  W.  .Depth  to  rock  8  feet  (?  a  boulder),  total  depth  10  feet.  A.  T.  62,5. 
Wm.  Underwood,  owner.  The  well  is  about  6  feet  above  stream,  which  does  not 
expose  rock,  SO4  low,  Ca  low,  CI  med.,  Mg  low. 

1950  N..  740  W.  Ca  tr,  SO,  tr.  Total  depth  18  to  20  feet.  A.  T.  640.  This  well  Is 
mostly  through  shale. 

100  N.,  1900  W.    Total  depth  18  feet.    A..  T.  627. 

Section  36. 

19.50  N.,  680  W,     SO,  tr,  Ca  low,  CI  low.   Depth  to  rock  16  feet,  total  depth  23  feet. 
A.  T.  622.    W.  J.  Harrington,  owner.    Drilled  bv  W.  Smith. 
50  N.,  1.340  W.    A.  T.  629.    Depth  to  rock  20  feet,  total  depth  23  feet. 

Huron  Township  (T.  19  K,  R.  14  E.). 

Section  31. 

1900  N.,  90O  W.  SO4  tr.,  Ca  low,  CI  med.  The  water  rises  to  about  17  feet.  Depth 
to  rock,  just  16  feet.,  total  depth  100  feet.  A.  T.  616.  Record  as  follows:  2  feet  of 
soil,  14  feet  of  hardpan,  12  feet  grindstone  and  the  rest  soap  rock  with  seams  of 
grit.-  P.  Kinch,  owner.  There  are  al.so  two  other  wells  just  to  the  rock  14  and  16 
feet  deep. 

■  920  N.,  .50  W.  Total  depth,  not  to  rock,  17  feet.  A.  T.  603.  This  well  contains  10 
feet  of  water. 

160  N.,  50  W.  Total  depth  24  feet.  A.  T.  618.  This  well  is  down  in  clay  to  sand 
and  contains  12  feet  of  water. 

1160  N.,  50  W,  Depth  to  rock  33  feet,  total  depth  40  feet.  A.  T.  607.  5  feet  of  this 
well  is  drilled  in  rock. 

Section  31. 

840  N.,  1950  W.    Total  depth  13  feet,    A.  T.  624.    This  well  is  in  clay. 

Section  32. 

500  N.,  100  W.   A.  T.  607.   This  is  a  shallow  well  in  gravel,  practically  a  spring. 

100  N,,  500  W.    A.  T.  612.    Total  depth  40  feet. 

A.  T.  606.   The  New  River  salt  well,  vol.  V,  pp.  72-5. 

1-15  feet  grindstone. 

15-45  feet  blue  shale. 

At  90  feet  salt  brine,  probably  from  the  Point  aux  Barques  lighthouse  conglom- 
erate. 

45-800  feet  alternate  shale  and  sandrock. 

■  800-900  feet  rotten,  bad  smelling  soft  rock,  including  the  Berea  shale. 

900-1000  feet  porous  coarse  grained  white  sand  rock,  brine  85°,  This  is  the  Berea 
Grjt. 

lOOC-1029  feet  blue  shale.   Bedford  shales. 

S.  W.  quarter  of  S.  W.  quarter.  SO4  low,  Ca  low,  CI  med.  Depth  to  rock  22  feet 
total  depth  39  feet.  A.  T.  604.  Moses  Thompson,  owner.  Through  17  feet  of  blue 
arenaceous  shale.  (2)  Depth  to  rock  19  feet,  total  depth  21  feet.  A.  T.  607.  This 
well  is  2  feet  in  rock,  4  or  5  feet  of  sand  came,  then  clay,  hardpan  and  gravel. 
Dixon  is  said  to  have  a  well  over  100  feet  deep. 
26-Pt.  II. 


CHAPTER  VII. 

ECONOMIC    GEOLOGY,    OR    RAW    MATERIALS    OF  THE 
COUNTY. 

§  1.  Introduction. 

There  are  many  things  classed  as  raw  materials  which  are  not  so. 
Pig  iron  is  classed  as  raw  material  by  the  user  of  it,  but  it  is  the 
finished  product  of  the  furnace  man.  Wool  is  the  raw  material  of 
woolen  manufacturer,  but  the  product  of  the  farmer.  The  only 
real  raw  materials  are  those  to  which  man  has  contributed  nothing 
of  value  by  his  labor.  They  are  the  natural  resources  of  the  country, 
and  their  value  cannot  be  separated  from  the  value  of  the  land  which 
controls  their  production.  We  do  not,  however,  intend  in  this  chap- 
ter to  be  rigidly  acadeinic  in  our  classification,  but  intend  to  supple- 
ment Chai)rer  \'  by  Trespassing  somewhat  on  the  domain  of  the  Com- 
missioner of  Mineral  Statistics  and  giving  some  account  of  the  prin- 
cipal industries  that  are  or  may  be  developed  in  the  county,  in  their 
iauncdiate  geological  bearings.  As  the  great  foundation  industry  is 
fanning,  it  is  fit  that  we  should  begin  with  some  notes  on  the  soils. 

The  map  of  the  Surface  Geology,  which  is  given  on  Plate  YIII, 
ma}-  also  be  taken,  as  is  obvious  from  the  explanation,  as  in  some 
degree  a  map  of  the  soils  also. 

§  2.  Soils. 

It  is  impossible  to  make  a  soil  map  of  a  county  which  shall  be 
really  accurate  and,  even  then  it  would  be  so  only  for  a  short  time, 
without  going  into  a  detail  expensive  be^-ond  reason.  Moreover, 
any  wise  man  will  look  at  a  farm  for  himself  before  buying  it.  In 
a  previous  chapter  (Chapter  III,  §  6,  and  PI.  VIII),  in  describing  the 
physiographic  districts  we  have  suggested  the  general  distribution 
of  soils.  Some  hints  may  be  of  practical  advantage,  nevertheless. 
If  an  early  map  of  the  county  such  as  Farmer's  be  consulted,  it  will 
be  found  that  a  large  part  of  the  latter  was  described  as  swamp,  and 
beaver  dams  are  sometimes  noted  along  the  streams  (Land  Oflflce 
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maps  and  early  railroad  i^urveys).  As  the  land  is  cleared  and  drained, 
the  swamp  would  disappeai-  but  the  vegetable  mold  or  muck  e.  g., 
southwest  of  Caseville  and  r.adaxc  would  remain  as  the  base  of  a 
fertile  black  soil  if  not  rcinovcd.  The  ^reat  tires  which  swept  the 
county  have,  however,  larjicly  burnt  off  this  vegetable  mold  and  all 
the  native  seeds  with  it.  as  noted  in  Chapter  X,  on  the  flora.  Not 
only  that,  but  even  now  it  is  quite  common,  as  I  have  observed  for 
example  in  Fairhaven  and  Winsor  townships,  in  clearing  up  low  land 
in  dry  summers  to  burn  off  all  the  old  vegetable  mold.  Something 
of  possible  fertility  is  thereby  always  lost,  and  wlum  as  sometimes 
happens,  especially  in  the  western  shore  district,  below  the  mold 
there  is  nothing  but  clean  sand,  the  lasting  fertility  of  the  land  is 
seriously  injured  by  this  carelessness.  However,  it  sometimes  hap- 
pens that  these  swamps  were  once  shallow  ponds,  like  the  cranberry 
bog  back  of  Hat  Point  and  on  Charity  Island,  and  the  swamps  south 
of  Badaxe  and  north  of  Kuth.  In  that  case  under  the  muck  are  likely 
to  come  beds  of  shell  marl  which,  are  extremely  fertile.  Such 
marly  drained  lake  bottoms  make  the  most  fertile  of  land,  and  a 
number  of  ponds  offer  tempting  opportunities  for  such  drainage. 
Bear  Lake  near  Port  Austin  has  thus  been  drained  quite  recently, 
and  the  lake  bottom  is  now  said  to  yield  two  and  a  half  tons  of 
timothy  per  acre.  Consequently  on  the  map  Plate  VIII  of  the  sur- 
face Greology  I  might  easily  have  indicated  the  swamps  as  more 
extensive  if  I  included  all  that  land  which  had  bad  a  peaty  black 
soil  covering  at  one  time.  I  have  tried  rather  to  indicate  the  more 
characteristically  swampy  parts,  where  it  still  exists  and  has  con- 
siderable depth.  On  the  other  hand  the  map  will  soon  be  inaccurate 
the  other  way  as  the  peat  is  burnt  off. 

The  main  soil  of  the  county  is  clay,  clay  loam,  or  gravelly  clay, 
and  there  are  usually  enough  limestone  pebbles  scattered  through  it 
to  keep  it  well  supplied  with  lime  and  prevent  souring,  ^^^lat  Davis 
says  about  the  greater  amount  of  lime  in  the  surface  clay  wells  is 
significant.  At  the  same  time  there  is  enough  mica  and  feldspar 
to  keep  it  well'  supplied  with  potash,  so  that  its  fertility  will  proba- 
bly be  quite  lasting.  In  the  area  enclosed  within  the  outcrop  of  the 
Michigan  series  where  the  water  is  sulphated,  land  plaster  will  not 
be  necessary.  The  fertilizer  most  needed  would  seem  to  be  phos- 
phates like  guano. 

A  word  about  the  boulders  and  stones  strewn  over  the  surface  in 
belts  very  often  roughly  parallel  to  the  shores  of  the  county.  Out- 
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side  the  district  of  glacial  deposits  in  the  boulder  benches  proper 
these  thickly  scattered  boulders  are  likely  to  prove  superficial,  and 
■once  picked  up,  the  soil  beneath  may  prove  comparatively  free  from 
stone.  In  the  hill  district,  however,  the  case  is  different,  and 
some  of  the  moraine  hills  are  likely  to  yield  their  crop  of  "hard- 
heads" quite  steadily.  Sand  dunes  are  indicated  on  the  map,  Plate 
VIII,  by  broken  contours,  as  well  as  by  the  yellow  dots  assigned  to 
sand,  and  I  regret  that  the  registration  is  not  always  all  that  it 
should  be. 

The  least  fertile  soil  in  the  county  is  that  of  the  dune  sands  of  the 
western  shore.  Yet  it  must  be  remembered  that  just  such  a  soil  in 
New  Jersey  has  proven  excellent  material  to  hold  plants  upright 
while  they  were  fed  by  fertilizers,  and  more  money  has  been  made 
out  of  small  farms  and  small  fruit  in  that  region  than  can  easily  be 
computed.  The  sand  region  of  Huron  county  is  much  resorted  to 
about  blueberry  time,  and  when  Saginaw  and  Bay  City  have  a 
million  population  these  sand  dunes  may  be  full  of  truck  farmers. 
But  successful  farming  on  such  a  soil  means  fertilizers  in  large  and 
frequent  doses, — intensive  cultivation.  In  the  meantime  these 
sands  are  not  devoid  of  value  for  other  purposes.  Where  the  sand  is 
thin,  and  this  is  frequently  the  case  especially  in  the  regions  in- 
dicated as  sandy  above  the  Algonquin,  610  feet,  level  the  soil  with  a 
light  six  inches  of  sand  above  and  clay  below  is  most  excellent  for 
farming,  and  more  easily  worked  than  the  stifler  clays. 

§  3.  Sand. 

Frequently  dune  sand  is  too  round  for  building  purposes,  but  cer- 
tain parts  of  the  sands  of  the  district  we  have  just  mentioned  are 
tolerably  sharp.  This  is  probably  because  they  have  been  derived 
with  comparatively  little  handling  from  the  sandstones  of  the  Mar- 
shall, which  have  angular  grains  of  sand.  The  only  points  from 
which  I  know  of  shipments  are  from  Port  Austin,  shipped  by  E.  M. 
Carrington,  and  from  Port  Crescent,  shipped  by  Miss  E.  Haskell. 
Sands  equally  good  probably  occur  at  intervals  from  New  Kiver  to 
Oak  Point.  This  sand  is  largely  shipped  to  the  Lake  Superior  copper 
regions  where  it  is  used  as  a  lining  for  the  bottoms  of  furnaces  em- 
ployed in  copper  smelting  and  for  repairs;  it  requires  for  this  work  a 
moderately  clean  and  sharp  sand  of  medium  fineness.  It  should  be 
nearly  pure  *silica,  but  requires  a  trace  of  iron  or  some  fluxing  ma- 
terial suflBcient  to  cement  the  sand  in  a  mass  under  a  very  high  heat. 
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but  in  no  case  melt  it,  or  soften  it  so  that  anv  part  of  it  will  slag. 
It  requires  a  sliarj)  sand  on  the  same  i)rinciple  that  sbarp  sand  will 
malve  the  strongest  mortar. 

''The  lake  smelters  have  used  500  to  700  tons  of  this  sand  for  a 
term  of  years,  but  are  not  likely  to  use  so  much  in  flie  future  as 
there  is  a  Pennsylvania  sand  that  is  more  economical  for  the  surface 
bottoms.  The  Port  Austin  sand  will  continue  to  be  used  for 
repairs."* 

The  sand  from  Port  Austin  and  Port  Crescent  is  "of  the  same 
quality,  so  far  as  we  can  see.  The  sand  we  get  is  shore  sand  washed 
up  by  the  waves  during  heavy  storms.  That  portion  of  the  sand 
from  any  considerable  distance  from  the  shore  is  of  no  value  to  us* 

There  has  been  an  analysis  of  the  sand  made  but  we  have  not  been 
able  to  get  it,  and  it  has  not  been  deemed  necessary  to  make  another 
as  we  are  assured  by  the  users,  that  next  to  its  being  nearly  pure 
silica,  the  essential  is  its  angularity.  We  do  not  know  why  it  must 
be  close  to  the  waves  unless  that  the  farther  it  gets  from  the  waves 
the  rounder  it  becomes  by  rebounding;  possibly  the  lime  that  exists 
in  the  water  of  the  lake  and  would  be  deposited  on  evaporation 
furnishes  just  that  minute  amount  of  flux  necessary. 

An  examination  of  the  sand  shows  that  it  is  mainly  of  quartz 
grains  though  little  garnets  and  bits  of  feldspar,  etc.,  occur.  There 
is  much  less  iron  than  many  sands  have.  The  form  of  the  grains  is 
sharp  and  much  more  irregular  than  in  many  sands,  for  example  the 
Sylvania  sand  and  similar  beds.  It  is  in'  other  words  nearly  the 
sharp  grits  of  the  Marshall  disintegrated  by  solution  of  the  sideritic 
cement  and  not  essentially  rounded  in  rehandling.  Besides  being 
shipped  to  Hancock  and  Dollar  Bay  in  the  copper  country  it  is  also 
shipped  to  Toledo  and  Detroit.  The  price  realized  was  in  1896  |1.00 
a  ton  loaded  or  40  cents  unloaded.  In  1897,  at  least  600  tons  were 
shipped  to  Lake  Superior. 

From  what  has  been  said  it  is  obvious  that  this  sand  would  make 
an  excellent  mortar  or  all  round  building  sand. 

§  4.    Sandstones  and  grindstones. 

The  same  angularity  which  we  have  just  noticed  in  the  sand  is 
also  to  be  noted  as  an  important  fact  in  the  grains  of  the  grind- 
stones of  the  Marshall  group.  Like  the  Berea  they  may  properly  be 
called  "grits."    The  principal  use  of  the  sandstone  has  been  for 


♦(Letters  of  J.  R.  Cooper,  Supt.  Detroit  and  L.  S.  Smelting  Works.) 
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whetstones  and  building,  and  the  former  use  is  so  much  the  more 
important  that  we  treat  it  first, 
(a)  The  grindstone  quarries. 

The  grindstone  quarry  industry  was  one  of  the  earliest  developed 
in  the  county.  It  was  started  by  A.  C.  Peer  in  1850.  It  has  been 
mainly  carried  on  by  two  firms.  Mr.  Peer's  firm  became  Johnson 
Peer  &  Wallace,  and  later  the  Huron  Grindstone  Company  with 
L.  R.  Wallace  as  superintendent.  The  other  company  is  the  Cleve- 
land Stone  Company  with  Geo.  S.  Robertson  as  Superintendent.  In 
189G  the  Cleveland  Stone  Company  had  its  main  quarry  on  Sec.  24 
and  25  and  the  Huron  Grindstone  Company  on  Sec.  23,  T.  19  X.,  R. 
13  E.,  but  the  coast  all  along  to  Sec.  30,  where  the  quarry  was  in 
Winchell's  time,  has  been  worked  over,  the  waste  stone  being  thrown 
into  the  old  workings,  which  have  in  some  cases  then  been  reoccupied 
by  buildings.  There  is  quite  an  area  yet  to  be  worked  along  shore, 
and  apparently  along  Willow  Creek  the  same  or  similar  beds  can  be 
found.  This  stone  has  already  been  partly  described  in  a  previous 
chapter.  The  thickness  of  the  most  uniform  bed  is  about  15  feet, 
and  often  the  cross-bedding  is  entirely  obscure,  so  that  the  rock 
seems  perfectly  homogeneous.  This  is  the  most  valuable  part.  At 
other  times  the  cross-bedding  interferes  with  the  production  of  large 
stones.  'Stones  weighing  up  to  7,800  pounds,  or  .say  three  tons,  have 
been  secured.  I  noticed  one  that  had  been  abandoned  for  its  original 
purpose  and  turned  into  a  fine  drinking  trough,  about  7  feet  across. 
The  face  of  the  quarry  is  liable  to  check — crack — under  the  action  of 
frost  and  therefore  it  is  the  custom  to  protect  the  face  of  the  quarry 
with  sawdust  in  winter.  The  best  stone  is  turned  into  grindstones 
of  various  sizes,  which  are  sold  all  over  this  country  and  even  sent 
abroad,  and  are  especially  valuable  for  not  glazing.  This  is  due  to 
the  fact  that  the  sharp  angular  cutting  quartz  grit  is  embedded  in 
a  softer  cement  of  mica,  siderite,  clay,  etc.,  which  wears  away  just 
fast  enough  not  to  allow  the  rock  to  polish.  It  is  the  combination 
of  evenness  of  grain,  sharpness  of  grit,  and  cementing  material  just 
soft  enough  which  gives  this  stone  its  peculiar  value. 

The  smaller  material  is  made  into  scythestones  (Sp.  19017),  and 
the  waste  material  remaining  is  used  for  building  and  underpinning. 
For  this  purpose  it  is  not  so  very  well  adapted,  owing  to  its  poros- 
ity, and  tendency  to  check  already  mentioned.  It  is  a  much  better 
grindstone  than  building  stone.  However,  it  has  a  pleasing  color, 
blue  to  bluish  grey,  with  a  greenish  cast,  and  has  been  more  or  less 
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worked  up  into  caps  and  sills,  etc.  A  number  of  underpinnings  and 
one  or  tWo  houses  may  be  noticed  in  Badaxe  made  of  this  stone. 
The  Sebewaing  Marble  Works  also  use  it  for  sills  to  marble  grave- 
stones. Its  fine  grain  and  free  working  make  it  very  amenable  to 
the  mason's  chisel. 

Underneath  the  sandstone  layers  come  more  argillaceous  ones 
variously  called  blue  shale,  soa])rock,  etc.,  which  are  quite  firm  and 
being  presumably  less  porous  would,  I  should  think,  be  even  better 
for  sills  and  underpinning  than  the  main  quarry.  The  underpinning 
of  the  Dunster  block  in  Radaxe  is,  I  understand,  of  this  bed. 

The  following  figures  for  which  we  thank  :\Ir.  H.  W.  Caldwell  give 
the  product  of  the  Cleveland  Stone  Co.  for  1S!)8  and  1899: 


From  Grindstone  City. 

From  Port  Austin. 

Deseription. 

1898. 

1899. 

1898 

1899. 

1,626  cu.  ft  

681  cu.  ft  

Block  Rtonp. 
Sawed  flagging. 
Perch  stone. 
Loose  grindstone. 
Mounted 
Scythe  stones. 

2.990CU.  ft  

2.288  eu.  ft  

3. 307  tons  

3. 606  tons  

3. 80S  tons  

1,232  tons  

1 .  Tufi  tons  

6, 320  pes  

11. 292  pes  

.5,  292  pes  

3, 957H  pross  

1.  316  gross  

I.  9.51  gros.s  

(b).    The  Babbitt  sandstone  quarry. 

This  quarry  was  opened  in  the  Xapoleon  sandstone  near  Bush 
Lake,  on  Lot  3  of  Sec.  15,  T.  18  K.,  E.  11  E.  Mr.  B.  Smalley  of  Case- 
ville  was  also  interested  in  this  quarry.  An  example  of  sandstone 
may  be  seen  in  the  monument  to  the  memory  of  his  wife,  Nancy  M. 
Smalley,  in  the  cemetery  near  Caseville,  which  was  erected  in  1887. 
Buckley  in  his  report  on  the  Building  and  Ornamental  stones  of 
Wisconsin*  says  that  coarse  pores  are  not  as  deleterious  as  fine 
pores.  So  here  in  spite  of  the  high  porosity  of  the  stone  (Sp. 
19161,  Table  II,  p.  90)  the  monument  seems  to  have  held  its  let- 
tering well.  The  sandstone  is  rather  coarse  (grains  about  1  mm. 
or  one  twenty-fifth  of  an  inch  in  diameter),  nearly  white  with  a  buff 
or  olive  hue  showing  minute  bi'own  points,  which  might  on  deeper 
quarrying  prove  to  be  weathered  pyrite.  It  is  at  present  owned  by 
Mrs.  J.  W.  Babbitt,  of  Ypsilanti,  and  has  not  been  operated  lately. 
Some  of  this  sandstone  has  been  shipped  to  Detroit,  and  may  be  seen 
in  a  hous#  there. 


*BuU.  Wis.  Survey.  No.  IV,  1S98,  p.  21,  etc. 
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§  5.    Shales  and  clays. 

The  use  of  an  argillaceous  bed  next  to  the  grindstone  for  under- 
pinning in  the  Dunster  block  opposite  the  Irwin  House  in  Badaxe  I 
have  just  mentioned,  but  in  general  the  shales  and  clays  are  not 
firmly  enough  consolidated  to  make  building  material  without 
farther  treatment.  In  other  words  they  are  suited  better  for  brick. 
Most  of  the  clay  of  Huron  county  that  I  have  examined  have  oc- 
casional little  pebbles  of  limestone  that  cause  a  certain  amount  of 
loss  in  making  brick,  as  in  the  burning  process  such  pebbles  slake 
more  or  less,  and  the  escaping  gas  "bursts  the  brick,  and  there  is  a 
spot  of  slaked  lime  left  as  a  weak  spot  in  the  brick."  Such  waste 
brick,  however,  make  excellent  material  for  road  mending,  and 
should  be  widely  used. 

The  clay  at  Sebewaing  is  washed,  as  is  more  fully  described  below 
and  in  Vol.  Till,  Part  I.  The  clays  are  probably,  like  almost  all  the 
surface  clays  of  the  state,  calcareous,  containing  much  carbonate  of 
lime  in  a  finely  divided  state.  This  tends  to  produce  white  brick  as 
it  neutralizes  the  iron  but  such  clays  are  readily  fusible  and  cannot 
be  burned  hard  without  melting. 

The  shales,  especially  some  of  the  beds  of  the  Michigan  series, 
seem  quite  plastic  and  pure,  but  it  is  dangerous  to  judge  from  churn 
drill  samples.  They  are  exposed  extensively  only  by  the  coal  work- 
ing around  Sebewaing,  in  connection  with  the  grindstones  as  already 
described,  thence  south  to  the  Point  aux  Barques  lighthouse,  and  on 
Section  32  White  Eock.  Here  they  are  well  exposed  in  the  bluffs  for 
over  a  quarter  of  a  mile,  and  also  in  a  bed  of  a  creek  up  to  the  road. 
This  last  exposure  appears  to  be  a  very  clean  shale,  and  well  suited 
for  making  high  grade  clay  products.  It  is  similar  in  character  to 
the  shales  used  for  the  manufacture  of  Portland  cement  in  Branch 
county  and  should  the  marl  beds  back  of  the  Forest  Beaches  or  in 
Sanilac  county  prove  to  be  extensive,  it  might  well  assist  in  the 
establishment  of  a  cement  industry.  A  description  of  the  shales 
near  White  Rock  and  their  tests,  and  analysis  will  be  found  in  Part 
I  of  Vol.  VIII  by  Prof.  Ries,  as  follows: 

VThite  Bock. 

Excellent  exposures  of  Coldwater  shale  occur  along  the  shore  of 
Lake  Huron  between  White  Rock  and  Forestville  (Part  III),  but  they 
have  not  thus  far  been  utilized. 
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The  shale  forms  a  line  of  cliffs,  and  when  fresh  appears  brittle 
and  gritty;  in  places,  however,  it  has  mellowed  down  to  a  tough 
clay. 

The  rock  is  a  thinly  laminated  shale  (179),  which  contains  much 
sand  of  a  very  fine  nature,  and  slakes  slowly  along  the  layers.  It 
worked  up  with  Id'/  of  water  to  a  mass  of  fair  plasticity.  The  brick- 
lets  had  an  air  shrinkage  of  4:/.  and  the  briquettes  had  a  low  tensile 
strength  of  36  to  42  pounds  per  square  inch. 

Incipient  fusion  took  place  at  CS,  vitrification  at  3,  and  viscosity  at 
6.  The  total  shrinkage  when  the  vitrified  condition  was  reached 
was  11/^,  the  color  being  deep  red. 

An  analysis  of  this  material  yielded  to  A.  N.  Clark: 


Silica    58.70 

Alumina    18.31 

,  Ferric  oxide    7.19 

Calcium  carbonate   1.80 

Magnesium  carbonate  98 

Alkalies    3.67 

Water  and  organic  matter   9.35 


100.00 

Ferrous  oxide   2.73 

Total  fluxes   13.64 


Among  the  brickyards  are: 

(a).  Warren's  brickyard,  Badaxe,  on  the  east  branch  of  the  Pinne- 
bog  River,  on  the  south  half  of  the  southeast  quarter  of  Sec.  13,  Col- 
fax, T.  16  X.,  R.  12  E.  This  brick  has  been  used  for  the  jail,  school- 
house  and  private  houses  and  banks  in  Badaxe^  and  the  Wadsworth 
schoolhouse,  and  has  been  shipped  as  far  as  Port  Austin,  Harbor 
Beach,  and  Gagetown.  The  color  varies  from  cream  to  red.  The 
red  are  the  outside  of  the  kiln,  the  white  inside,  and  the  sandy  clay 
under  the  main  clay  bed  which  is  somewhat  used  also  makes  a  whiter 
brick.  Toward  the  top  of  the  burning  they  become  chalky,  the  top 
one  or  two  layers  of  each  burning  being  spoiled  with  the  amount  of 
mineral  in  the  water.  Of  the  refuse  brick  the  better  are  used  for 
scoving,  i.  e.,  outer  casing  of  the  next  burning.  The  section  of  the 
clay  used  is: 

One  foot  of  clay  loam,  beneath  which  are  5-6  feet  of  clay,  then 
sandy  clay. 

This  clay  is  not  directly  connected  with  the  present  Pinnebog,  but 
may  probably  date,  back  to  the  time  of  the  Forest  Beach.    About  a 
27-Pt.  II. 
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quarter  of  a  mile  west  of  the  road  on  the  east  line  of  Sec.  13.  it  is  said 
to  become  very  bouldery  with  Canadian  hardheads, — one  or  two  as 
much  as  six  feet  long, — an  old  boulder  bench. 

In  this  yard  the  limestone  pebbles  are  not  as  much  trouble  as  the 
mineral  water,  i.  e.,  soluble  salts,  the  remedy  for  which  Dr.  Ries 
gives  in  his  report,  Part  I,  of  Vol.  VIII. 

The  yard  has  been  at  work  some  13  years.  In  1895,  300.000 
brick  were  burnt,  and  it  is  thought  to  have  averaged  about  250,000 
brick  a  year. 

(b).  Elkton  brickyard,  Ginter  and  Heist,  on  the  southeast  quarter 
of  the  southwest  quarter  of  Sec.  3,  T.  16  N..  R.  11  E.,  near  the  west 
branch  of  the  Pinnebog.  Here  the  clay  is  directly  from  the  valley 
of  the  Pinnebog,  and  is  probably  an  alluvial  clay,  the  section  being 
2^  feet  of  dirt,  under  which  lie  4  feet  of  clay. 

At  the  south  end  is  a  bed  which  yields  a  light  orange  re^d  brick 
(Sp.  19228),  while  the  ordinary  brick  is  of  a  cream  color  like  Sp. 
19223.  Probably  in  the  former  bed  some  of  the  lime  which  neutral- 
izes the  coloring  matter  of  the  iron  is  leached  out.  They  are  more 
or  less  bothered  with  limestone  pebbles,  causing  a  loss  in  burning 
(Sp.  19224).  The  product  in  1896  was  500,000  brick.  The  brick  has 
been  shipped  as  far  as  Unionville  and  Fairgrove,  and  may  also  be 
seen  in  J.  Ryan's  house  in  Badaxe. 

(c).  Sebewaing  brickyard,  Ernst  Reinhold,  on  the  southwest 
quarter  of  the  southwest  quarter  of  Sec.  9,  T.  16  N.,  R.  9  E. 

This  yard  is  close  to  the  valley  of  the  Sebewaing  and  gives  a  red 
brick.  They  are  removing  the  pebbles  by  washing.  See  report  on 
clays  and  shales  by  H.  Ries  Vol.  VIII,  Part  I,  which  also  gives 
illustrations,  as  follows: 

Seheicainfi. 

'•The  surface  t  lay  used  at  the  Sebewaing  brickyard  is  a  river  clay, 
and  is  overlain  in  places  by  dune  sands.  The  upper  two  or  three 
feet  burns  red,  while  the  lower  clay  in  the  bank  is  very  calcareous 
and  burns  buff.  Both  clays  contain  large  quantities  of  lime  pebbles, 
and  they  are  especially  numerous  in  a  layer  at  the  juncture  of  the 
two  kinds  of  clay.  In  order  to  eliminate  these  from  the  red-burning 
clay  it  is  treated  to  a  washing  process,  which  consists  in  putting 
the  clay  into  a  circular  sheet  iron  tank,  with  water,  and  the  mixture 
stirred  by  arms  attached  to  a  vertical  shaft.  The  effect  of  this  stir- 
ring process  is  to  get  the  clay  particles  in  suspension,  while  the  sand 
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and  concretions  fall  to  the  bottom  of  the  tank.  In  front  of  the 
machine  is  a  screen  with  half  inch  meshes,  through  which  the  wash- 
ed and  suspended  material  is  discharged  into  a  trough  about  50 
feet  in  length.  At  the  end  of  this  trough  is  another  screen  with 
one  quarter  inch  meshes.  After  passing  along  this  trough  most  of 
the  sand  is  drojtped.  and  the  clay  and  water  flow  out  into  the  set- 
tling tanks  wliich  have  wooden  sides  and  a  sand  bottom.  Th(! 
water  evaporates  from  these  and  leaves  the  washed  clay  forming 
a  layer  about  six  inches  thick  in  the  bottom  of  the  trough.  While 
the  clay  is  sciiliu;;  and  drying  in  the  trough  the  material  being  dis- 
charged from  the  machine  at  a  later  period  is  conducted  into  a 
second  or  third  trough. 

"It  is  stated  that  two  men  can  put  enough  clay  for  16,000  bricks 
through  the  machine  in  one  day.  This  ingenious  washing  process 
is  a  highly  important  one,  and  could  be  utilized  at  many  other 
localities  in  the  state  where  tliere  are  red  burning  clays  containing 
lime  pebbles  or  concretions.  It  furthermore  removes  the  coarse 
sand  from  the  clay  and  permits  of  the  production  of  a  much 
smoother  brick,  a  point  which  is  serious  when  front  brick  are  to  be 
manufactured. 

"At  the  Sebewaing  brick  works  the  clays  are  molded  in  a  Quaker 
soft  mud  machine,  dried  on  pallets  and  burned  in  scove  kilns.  While 
the  product  is  chiefly  common  bricks  still  some  pressed  bricks  are 
made  in  various  shapes  and  sizes.  Their  surface  is,  however,  un- 
fortunately roughened  by  the  use  of  very  coarse  molding  sand." 

The  burnt  product  is  shown  by  Sp.  19229  and  the  clay,  which  is 
coarser  and  sandier  than  some  of  the  other  clays,  by  Sp.  19230. 

The  following  is  the  result  of  some  absorption  tests  on  bricks  of 
this  county  which  shows  a  high  ratio. 


Number  of  specimen  

19168 

19225 

19226 

19227 

Locality. 

Elkton 
yellow. 

Elkton 
red. 

Sebewaing 
red. 

Absorption  rates,  i.  e..  ratio  of 
weight  wet  to  weight  dry  

1.25 

1.29 

1.17 

1.17 

(d).  In  the  lower  valley  of  the  Pigeon,  on  the  southw'est  part  of 
Sec.  13,  T.  17  N.,  R.  10  E.,  Caseville,  New  Hayes,  P.  O.,  Chas.  F.  Leip- 
prandt  had  a  brick  and  tileyaid  which  he  afterward  sold  to  Chas. 
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(?)  Steinman  who  moved  it  to  the  southeast  quarter  of  the  same  sec- 
tion. This  yard  also  yielded  a  red  brick.  There  are  numerous  other 
places  along  the  river  valleys  where  clays  equally  well  suited  for 
brick  making  may  be  found.  There  are  some  not  far  from  the  town 
of  Pigeon.  These  river  clays  are,  however,  quite  variable  in  char- 
acter. It  is  not  likely  that  any  of  the  surface  clays  will  be  free  from 
limestone  pebbles,  and  as  adjacent  counties  are  at  least  as  well  sup- 
plied with  such  material,  that  any  brick  made  from  them  will  find  a 
very  wide  market.  See  p.  213  regarding  paving  brick. 
§  6.    Koad  metal. 

There  is  no  feature  more  marked  in  the  recent  development  of  the 
United  States  than  the  attention  paid  to  better  roads.  In  view  of  the 
recent  deA'elopment  of  the  bicycle  industry,  and  the  figures  showing 
what  a  large  proportion  of  the  cost  of  shipping  wheat  to  Liverpool 
comes  in  getting  it  to  the  railroad,  the  attention  paid  is  amply 
justified.  A  few  notes  on  the  care  of  the  roads  may  be  of  value. 
See  also  Part  I  of  this  volume.  The  essential  thing  in  a  good  road 
is  that  it  sihould  be  well  drained,  i.  e.,  with  a  coarse  and  porous 
underpinning,  and  with  a  hard  surface  not  likely  to  soften  when  wet. 
The  cementing  properties  of  limestone  are  valuable  to  produce  the 
latter  feature.  There  is  ample  material  in  the  county  for  making 
excellent  roads.  The  sandy  roads  of  the  shore  should  be  mended 
with  a  cla,yey  material.  Clay  is  not  bad;  shale  or  argillaceous  lime- 
stone is  better.  Around  Sebewaing  the  burnt  waste  of  the  coal 
mines  is  used  with  excellent  effect, — the  best  material  of  all.  (Sp. 
19236).  In  Missouri  clay  is  burnt  expressly  for  road  material.  Burnt 
brick  waste  will  not  be  bad.  An  excellent  road  may  be  made  from 
the  limestone  waste,  though  somewhat  dusty. 

In  general,  however,  the  roads  tend  to  be  too  clayey.  For  such 
roads  coarse  gravel  is  a  good  material  for  road  mending,  and  the 
old  Forest  Beach  shore  lines  described  in  a  previous  chapter  and 
more  elevated  gravels  furnish  excellent  material  which  is  largely 
drawn  upon.  The  coarse  material  is  better  for  road  mending  and  is 
also  good  ballast  for  railroads.  The  presence  of  a  considerable 
amount  of  lime  and  iron  is  of  value  as  adding  cementing  power. 
Between  60  and  118  feet  above  present  lake  level  are  numerous 
other  generally  more  sandy  deposits.  The  Bayport  limestone  is 
largely  crushed  for  macadam.  Crushed  boulders  would  also  be  ex- 
cellent. 

The  possibilities  of  making  paving  brick  have  not  yet  been  de- 
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veloped,  but  I  may  say  that  it  is  to  the  shales  of  the  coal  measures 
or  Coldwater  series  of  the  eastern  coast  that  I  should  look. 
Dr.  Ries  makes  the  following  report: 

Sebeicaing. 

"The  Michigan  Standard  Coal  Co.  has  a  shaft  at  the  southern  end 
of  the  town  at  which  the  coal  is  interbedded  with  shale. 

"That  over  the  coal  is  a  brittle  black  bituminous  shale  with 
numerous  nodules  of  pyrite,  while  that  under  the  coal  is  gray  and 
.sandy.  On  exposure  to  the  air  it  slakes  readily  to  lumps  the  size 
of  a  hazel  nut,  but  to  get  it  finer  requires  grinding.  Some  of  it  was 
tried  at  the  neighboring  brickyard,  and  it  was  not  found  possible  to 
melt  it  in  the  scove  kilns. 

"It  was  consequently  thought  desirable  to  test  it  physically. 

"The  sample  collected  (182)  gave  no  effervescence  with  acid,  and 
slaked  very  slowly  in  water.  When  mixed  with  17^  of  water  it  gave 
a  mass  of  good  plasticity  whose  air  shrinkage  was  5;f',  and  the  air 
dried  briquettes  made  from  it  had  an  average  tensile  strength  of  100 
pounds  per  square  inch  with  a  minimum  of  90  lbs. 

"In  burning,  incipient  fusion  began  at  cone  1,  with  a  total  shrink- 
age of  8^,  the  color  being  buff.  It  vitrified  at  5,  and  became 
viscous  at  9.  The  shrinkage  at  vitrification  amounted  to  13;^.  The 
soluble  salts  were  .25;^." 

§  7.  Limestone. 

The  other  material  that  needs  particular  notice  is  limestone.  This 
has  been  used  not  only  in  macadam,  but  also  as  paving  blocks. 

(a).    Bayport  limestone  quarries.    See  pp.  110  to  112. 

The  quarries  now^  operated  are  upon  Sec.  5,  Winsor,  T.  16  N.,  R.  10 
E.  As  we  have  mentioned,  similar  beds  lie  near  the  surface  to  the 
southeast  and  to  the  northwest  and  have  been  opened  on  North  Is- 
land. The  present  location  is  exceptionally  favorable  as  regards 
drainage.  The  section  of  the  quarry  is  given  in  Figure  8,  and  thp 
general  extent  of  similar  stone  may  be  seen  on  Plate  VII  the  part 
above  the  620  foot  contour  in  the  neighborhood  being  especially  to 
be  noticed.  A  number  of  test  pits  near  the  Shebeon  on  the  east  half 
of  the  northwest  quarter  of  Sec.  14,  T.  16  N.,  R.  9  E.,  show  similar 
limestone,  but  at  a  lower  level  where  the  water  would  be  more  in 
the  way. 

An  elaborate  illustrated  description  of  these  quarries  appeared 
in  Stone  for  August  1898,  by  A.  C.  Benedict. 
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The  main  products  of  the  quarries  are  limestone  which  is  burnt 
into  lime,  paving  blocks,  crushed  stone  for  macadam,  and  build- 
ing stone.  The  top  layers  appear  to  be  least  magnesian,  and 
hence  best  for  lime.  The  analysis  published  in  Vol.  V,  is  from  layer 
Xo.  1.  p.  110.  as  follows: 


SUica   3.330 

•'Oxide  lime  and  alumina"  (should  be  iron  instead  of  lime)   1.334 

Carbonate  of  magnesia   .944 

Carbonate  of  lime   91.538 

Phosphorus  and  sulphur   traces 

Organic  matter  and  loss   2.854 


100.000 

(Quicklime.  51.29.) 


With  so  low  a  percentage  of  magnesia,  the  lime  will  be  a  hot 
strong  lime  which  will  take  much  sand.  Prof.  Langley  of  Pittsburg 
says:  "This  is  a  very  pure  limestone  and  unusually  free  from  any- 
thing except  carbonate  of  lime.  It  contains  nothing  injurious  to  iron, 
and  in  my  opinion  will  give  entire  satisfaction  in  the  blast  furnace." 
It  seems  as  though  picking  of  the  upper  layers  might  give  the  ex- 
ceptionally pure  limestone  required  in  the  soda  ash  business.  The 
lower  layers  are  undoubtedly  more  magnesian,  and  probably  con- 
tain more  bituminous  organic  matter.  The  percentage  of  Si  O,  is 
noteworthy.  This  is  or  was  undoubtedly  largely  in  the  form  of 
soluble,  organic  Si  Oo  and  some  of  the  layers  are  saturated  with  it. 
It  adds  much  to  the  hardness  of  the  limestone  and  its  availability 
for  macadam,  etc. 

We  quote  from  A.  C.  Benedict  as  follows: 


"The  upper  sixteen  feet  in  the  quarries  consist  of  even-bedded,  homogeneous, 
tough,  drab-colored  limestone,  followed  by  twenty  feet  of  sandstone  suitable  for 
grindstones.  This  is  followed  by  from  thirteen  to  fifteen  feet  of  fine  brown-stone, 
which  is  underlaid  by  fifty  feet  of  shale.  A  space  of  seventy-five  feet  was  quarried 
to  the  shale  for  experimental  purposes,  and  a  fine  quality  of  sandstone  found. 

The  cuarry  may  be  divided  as  follows: 

Ledge  No.  1.   i  feet  thick:  used  for  macadam. 

Ledge  No.  2.   3  feet  thick:  burned  for  lime."  (No.  1  of  Fig.  S). 

Ledge  No.  3.    3  feet  thick:  building  stone,"    (No£.  2  to  5  of  Fig.  8). 

Ledge  No,  4.   3  feet  thick;  building  stone. 

No  1  is  drab,  or  dove-colored  limestone,  very  hard  and  tough,  used  entirely  for 
macadam,  for  which  it  is  eminently  fitted.  The  ratio  of  absorption,  as  determined 
by  Prof.  J.  B.  Johnson.  C.  E.,  Washington  University,  St,  Louis,  Mo.,  is  one-half 
to  seven-tenths  of  1  per  cent.  Prof.  Johnson's  conclusions,  after  an  exhaustive 
study  of  this  auarry,  is  as  follows: 

•This  is  the  strongest  limestone  of  which  I  have  any  record.  It  is  as  strong  as 
the  best  granite.  It  is  also  impervious  to  water,  that  is,  non-absorbent  as  granite, 
and  will  weather  perfectly.  It  is  also  as  heavy  as  any  limestone  on  record  and  as 
heavy  as  most  granites.  It  is,  therefore,  an  ideal  material  for  all  building  and 
structural  purposes,  as  well  as  for  roads  and  sidewalks.  For  dressed  stone  it  is 
rather  hard,  but  for  rock  faced  masonry  it  is  perfectlv  adapted,  A  macadam 
road  constructed  of  this  rock  (Ledge  No.  1)  crushed,  properly  graded,  and  well 
rolled,  would  make  the  best  possible  road  for  the  country,  or  for  the  smaller  cities 
and  towns:  and  for  cement  sidewalks,  a  concrete  made  up  of  this  rock  crushed 
fine  and  used  with  Portland  Cement,  would  be  as  good  as  the  best  "granitoid" 
walk  in  which  granite  is  used.' 

"Two  carloads  of  Belgian  blocks  were  placed  in  Tilden  street,  Saginaw,  Mich., 
at  the  east  end  of  Johnson  street  bridge  across  the  Saginaw  river,  about  eight 
years  ago,  and  Stone  recently  examined  this  work  and  can  testify  that  neither 
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the  traffic  they  have  carried  ,nor  the  elements  have  had  an  aopreciable  effect  on 
them,  except  to  make  the  top  a  little  smoother  than  when  fresh  from  the  quarry. 
A  material  with  this  record  certainly  merits  the  careful  investigation  of  users  of 
this  class  of  stone." 

For  macadam  we  need  a  tough  non-porous,  hard  rock.  Tests 
(Table  II,  p.  90)  agree  with  Johnson  that  the  Bayport  limestone  is  in 
many  layers  practically  non-porous,  the  water  of  the  formation  find- 
ing its  way  either  in  dissolved  crevices  or  in  the  sandy  layers.  An  ex- 
cellent test  of  the  utility  of  the  rock  for  paving  and  macadam  may 
also  be  found  from  its  behavior  under  the  drill.  If  with  a  core  drill  or 
cliurn  drill  progress  be  slow,  and  especially  if  with  a  core  drill  there 
be  a  large  percentage  of  core  saved,  which  comes  out  in  large  pieces, 
the  indications  are  good.    For  example  out  of  the  first  28.3  feet 
drilled  in  the  quarry  hole  No.  1,  the  aggregate  of  core  saved  was  18.4 
feet,  a  portion  of  this  loss  being  of  earthy  deposits  between  layers. 
In  the  lower  grindstone  layers  more  than  half  the  core  was  lost,  as 
this  comparatively  soft  rock  was  broken  up.    A  high  crushing 
strength  is  also  a  desirable  thing.    A  test  at  the  Watertown  Arsenal 
by  Capt.  Butler  gave  a  crushing  strength  of  26,110  lbs.    The  weight 
was  given  as  170  pounds  per  cubic  foot  and  specific  gravity  2.72. 
A  detailed  description  of  these  tests  is  quoted  by  A.  C.  Benedict  in 
the  article  referred  to.    The  specimen  was  2.61  inches  thick,  with  a 
compression  surface  of  29.65  square  inches.    It  is  true,  however, 
as  of  all  limestones,  that  this  limestone  is  softer  than  iron  and 
hence  every  concussion  with  iron  wheels  scrapes  off  a  minute 
portion  of  white  calcareous  powder,  so  that  such'macadam  tends 
to  be  dustier  than  that  made  from  the  more  silicious  rocks.  Rain 
will  dissolve  this  powder  and  soak  it  down  to  cement  the  macadam. 
In  the  opener  country  this  dust  will  soon  be  dissipated,  but  in 
the  city  it  may  be  unpleasant.     Watering  with  the  mother  liquor 
of  brines,  or  other  solutions  of  salts  that  draw  water  would  tend 
to  check  this  tendency  of  this  form  of  macadam.    A  number  of 
the  roads  and  the  bicycle  track  near  Bayport  show  what  an  improve- 
ment this  macadam  makes  over  clay  roads.    It  has  also  been  used 
in  Saginaw. 

This  stone  has  been  shipped  quite  a  distance  for  building  purposes. 

We  cite  the  following  matter  from  Mr.  Benedict's  article.  It  must 
not  be  forgotten  that  his  3  and  4  are  2,  3,  etc.,  of  Fig.  8  and  of 
Rominger's  section. 

"Nos.  3  and  4  are  used  for  various  building  purposes.  The  following  analysis, 
together  with  the  tests  relating  to  the  crushing  strength  of  the  stone,  show  its 
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value  for  macadam,  paving  blocks  for  streets,  cross-walks,  curbing,  sidewalks, 
foundations,  bridge  piers,  buildings,  etc.: 


Carbonate  of  lime   61.52 

Carbonate  of  magnesia    14.50 

Sand    20.K 

Clay    2.04 

Phosphate  of  lime   09 

Bisulphide  of  iron   15 

Water   85 

Total    100.00 


"This  analysis  shows  the  stone  to  be  a  magnesian  dolomite  with  an  addition 
of  a  notable  amount  of  sand  which  gives  it  an  appreciable  power  to  resist  the 
action  of  the  elements,  and  also  the  abrasive  effects  of  travel  where  it  is  used 
for  streets  or  sidewalks.  The  low  per  cent,  of  water,  which  is  a  measure  of  its 
absorptive  power,  renders  it  practically  frost  proof  and  gives  it  unusual  value  for 
all  outdoor  uses.  It  is  very  compact,  tough,  even-grained  stone  of  drab,  or  dove- 
color,  certain  layers  of  which  with  age  bleach  to  almost  a  pure  white,  resembling 
marble,  but  with  this  advantage  over  marble,  that  it  is  so  close-textured  that  dust, 
soot,  etc.,  do  not  adhere  to  it,  but  are  washed  off  by  rains  leaving  a  clean,  fresh- 
looking  face  at  all  times.  Tested  both  artificial  and  naturally  by  freezing  processes 
it  resists  admirably,  showing  its  high  rank  as  building  stone." 


The  station  at  Flint  and  the  offices  of  the  Sagina-w,  Tuscola  and 
Huron  in  Saginaw  are  examples  of  its  use.  I  do  not  think  that  any 
limestone  is  a  very  satisfactory  building  stone  in  cities  where  soft 
coal  is  in  use,  as  it  soon  becomes  dingy,  but  the  dove-colored  shades 
of  the  Bayport  limestone  harmonize  not  unpleasantly  with  the 
dingier  smoke-stained  parts. 

(b).    Soule  limestones. 

As  I  have  remarked,  near  Soule  there  are  outcrops  of  argillaceous 
limestones  of  the  Michigan  series.  A  good  part  of  Sec.  19  in  Meade 
township  is  owned  by  the  Michigan  Cement  Company,  which  beyond 
some  test  pitting  has  done  nothing  to  develop  the  property.  It  is 
understood  to  be  under  the  same  control  as  the  cement  quarrieS  near 
Milwaukee.  As  may  be  seen  from  Plates  VII  and  VIII,  the  northeast 
quarter  of  Sec.  24,  and  Sec.  18,  in  T.  17  N.,  K.  11  E.,  and  Sec.  19, 
T.  17  N.,  R.  12  E.,  seem  also  to  be  favorably  situated  for  develop- 
ment. Elsewhere  the  limestone  may  be  below  water  level,  though  it 
might  be  found  northeast  of  Caseville  adjacent  to  water.  The  lime- 
stone (Sp.  19009,  19103,  19104,  19105,  19222,  19223)  is  extremely  like 
the  Milwaukee  stone  in  appearance.  I  quote  from  the  report  of  the 
Wisconsin  Geological  Survey*  the  description  which  may  be  applied 
word  for  word  to  our  rocks,  of  the  Hamilton  cement  rock  near  Mil- 
waukee, which  occupies  a  limited  area  near  the  lake  and  immediately 
north  of  the  city.  "In  general  lithological  characteristics,  it  con- 
sists of  a  bluish-gray  or  ash-colored,  impure  dolomite,  which 
weathers,  upon  exposure,  to  a  yellowish  or  butt"  color,  owing  to  the 
oxidation  of  the  iron  which  constitutes  one  of  its  ingredients.  The 
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Geological  Survey  of  Michigan. 
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impurities  consist  chiefly  of  silica  and  alumina.  The  rock  is  char- 
acterized in  certain  portions  by  the  occasional  presence  of  cavities  in 
which  occur  crystals  of  pyrites  and  calcite,  and,  very  rarely,  zinc- 
blende.  Crystals  of  the  two  former  minerals  are  disseminated  more 
or  less  through  certain  portions  of  the  rock.  In  texture,  it  is  some- 
what varying,  being  quite  homogeneous  in  some  layers,  and  quite 
irregular  and  lumpy  in  others  *  *  *  In  degree  of  induration,  it 
ranges  from  rather  soft  to  moderately  hard.  The  beds  are  usually 
thick,  with  the  exception  of  some  portions,  which  are  somewhat 
shaly."  In  the  same  report  on  the  following  page  (p.  396)  will  be 
found  a  number  of  analyses  of  cement  I'ock.  See  also  Part  I  of  this 
Volume.  No  analysis  of  the  Sonle  rock  has  been  made  to  our  knowl- 
edge, but  a  bed  similar  in  horizon  near  Grand  Rapids  analyzed  by 
Rominger  has  a  good  analysis  for  hydraulic  lime.  In  general  it  may 
be  said  that  in  a  good  hydraulic  limestone  there  should  be  about  21'? 
of  insoluble  matter  classed  as  clay.  This  was  told  me  by  very  suc- 
cessful manufacturers  in  Germany  who  were  exporting  their  product 
to  the  United  States  and  this  agrees  very  closely  with  the  pro- 
portions in  the  analyses  of  the  Milwaukee  rock.  It  must  be  re- 
membered that  common  clay  is  largely  finely  divided  silica  (33^),  with 
some  hj'drous  silicate  of  alumina,  so  that  most  of  the  21;^  will  be 
silica.  The  percentage  of  carbonate  of  magnesia  is  generally  con- 
siderably less  than  two-thirds  that  of  carbonate  of  lime.  Just  at 
present,  however,  the  manufacture  of  Portland  cement,  in  which  the 
exactly  right  ratios  are  obtained  by  mixing,  is  replacing  that  of  rock 
cement. 

Success  in  the  manufacture  of  hydraulic  cement  means  much  more 
however,  than  merely  finding  a  suitable  stone.  It  means  constant 
watchfulness,  and  continual  analysis  to  secure  a  uniform  composi- 
tion, through  grinding,  and  proper  burning,  and  this  is  also  true  of 
Portland  cement. 

§  8.  Coal. 

The  thickness  of  the  principal  seam  is  from  four  to  two  feet  and 
less  in  the  area  of  the  coal  basin,  and  above  it  there  are  indications 
of  a  thinner  seam.  It  is  at  times  cut  off  by  sandstones  as  previously 
described.  The  depth  is  from  80  to  120  feet,  and  the  deeper  we  find 
it  the  more  likely  it  is  to  be  thick.  The  water  which  is  associated 
is  a  serious  detriment,  but  as  I  have  said,  T  do  not  think  it  comes 
from  above.  If  I  were  working  I  should  be  careful  to  avoid  sand- 
stones, either  above  or  below,  but  I  had  as  lief  work  under  the  lake 
28-Pt.  II. 
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as  not.  In  fact  on  some  accounts  I  think  that  the  coal  might  be 
thicker  close  to  the  lake  to  the  southwest.  All  artesian  wells  like 
that  at  Oak  Grove  and  the  neighborhood  for  example,  should,  how- 
ever, be  cased  off  and  avoided.*  The  main  objection  to  the  Sebe- 
waing  coal  is  its  sulphur.  The  Sebewaing  Coal  Company  say  that 
their  coal  contains  about  3^  sulphur,  and  analyses  of  the  product  of 
the  Saginaw  Bay  Coal  Company  are  similar  (Xos.  1  and  2  below). 

TABLE  IV.— TESTS  OF  SEBEWAING  COAL. 


-    Moisture                                                                                                           4.46  4.82 

VolatUe  carbon                                                                                               47.92  44.58 

Fixed  carbon                                                                                                   40.45  41152 

Sulphur                                                                                                            3.06  3.38 

Ash  ( probably  mainly  iron )                                                                               4.04  5.70 


99.93  100.00 


3. 

3. 

Figured 
Dry. 

4. 

Location  

Michigan 
Standard. 
Sebewaing. 

Sp  .  Gr  

1.34 

Moisture  

6.09 
39  59 
46.06 

8.26 

J-  41.39 
50.28 
8.33 

Volatile  Combustible  

42.20 
49.00 
8.80 

Ash  

100.000 

100.000 

100.000 

Total  S  

5.72 

5.80 

0.04 
5.68 

0.05 
5.75 
6.52 

Volatile  S  

6.05 

S  from  Fe  

5.71 

C  

68.07 
5.26 
1.49 
5.15 

72.49 

5.61 
1.59 
5.48 

H  

N  

O  

Obs.  with  Calorimeter.  Calories  of  heating  power  

7,070 
12,714 

7. 5:0 
13.538 

B.  T.  U  

I  and  2.  Sagmaw  Bay  Coal  Co.,  Vol.  V.  p.  84. 

3.  By  H.  J.  Williams. 

4.  By  C.  H.  Hilton. 

This  coal  yields  a  coke  of  small  volume  fairly  well  fused.  It  is  a  coking  coal. 
Sample  taken  by  H.  Ries. 


Since  in  100;!^  of  (marcasite)  sulphide  of  iron  there  are  53.3^  sulphur 
and  46. 7;^'  iron,  if  all  the  sulphur  of  analyses  1  and  2  comes  from 


'Since  writing  the  above  an  artesian  well  has  burst  into  the  coal  mine  at  Sebe- 
waing, making  much  more  pumping  in  1899.  and  the  Sebewaing  Coal  Co.'s  mine 
has  been  drowned  out. 
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sulphide  of  iron  there  would  have  been  5.74  to  6.36^'  marcasite  • 
associated  with  the  coal  and  the  iron  therefrom  would  when  burned 
to  Fe-  0=*  make  8.82;^  to  4.23,<  of  ash. 

It  is  to  be  presumed  that  masses  of  solid  "sulphur"  or  marcasite, 
such  as  often  occur,  were  rejected,  from  analyses  1  and  2,  as  they  are 
from  the  coal  shipped.  In  the  analysis  of  the  Michigan  Standard 
Coal  above  no  such  pains  was  taken,  as  the  object  was  rather  to  get 
a  fair  sample  of  the  coal  seam  as  it  occurred  rather  than  as  it  was 
ship})ed.  The  marcasite  if  burned  gives  off  much  heat,  and  in 
fact  it  often  catches  Are  spontaneously  in  the  piles  where  the 
refuse  to  sulphurous  coal  is  dumped.  But  while  such  coal  makes  a 
very  hot  steam  coal  (and  tests  have  shown  it  to  compare  favorably 
with  Ohio  coals),  the  corrosive  effect  of  the  sulphurous  fumes  is  dis- 
agreeable, making  it  unfit  for  gas  making,  passenger  service,  etc. 
The  heating  power  measured  in  British  Thermal  Units,  computed 
from  the  proximate  analyses  by  the  formula: 

Heating  power  in  B.  T.  U.  =  146  (fixed  carbon)  +  147  (volatile  car- 
bon) +  40S  would  be:  —  13,520  B.  T.  U.  for  No.  1;  13,210  B.  T.  U.  for 
Xo.  2;  and  12,767  B.  T.  F.  for  Xo.  This  formula  is  an  average  one 
for  Michigan  coals.  Kent's  formula  would  give  from  the  proximate 
analysis  of  No.  3  but  11,367  B.  T.  U.  Dulong's  formula  would,  how- 
ever, from  the  ultimate  analysis  of  No.  3  give  13,037  B.  T.  U.  for  the 
heating  power  of  the  same.  The  Sebewaing  coal  runs  higher  in 
volatile  carbon  and  hydrogen  than  the  Saginaw  coal,  as  well  as  in 
sulphur. 

At  one  time  in  the  Jackson  mines  the  miners  were  paid  five  cents  a 
ton  more  for  the  "sulphur"  or  marcasite  than  for  the  coal.  This  sul- 
phur is  used  in  acid  making,  and  it  might  be  used  in  a  fertilizer 
factory,  but  as  there  is  a  great  deal  to  be  found  elsewhere,  it  could 
hardly  be  exported  far.  The  most  promising  way  of  utilizing  it 
would  be  in  connection  wath  some  local  industry  or  bone  factory. 

The  Saginaw  Bay  Coal  Company  was  the  earliest  producer,  but 
was  closed  down  by  water.  The  Sebewaing  Coal  Company  was 
still  at  work  when  the  report  was  written,  but  succumbed  to  the 
same  difficulty  February  27,  1899.  Maps  have  not  been  kept,  but 
fiom  the  recorded  output,  and  what  I  could  learn  of  the  thickness 
and  extent  of  the  workings,  I  have  constructed  a  dotted  line  which 
may  show  tbe  area  within  which  the  workings  probably  lay  in  1897. 
witliiii  whirh  area  caution  should  be  observed  as  to  sinking  wells,  or 
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in  advancing  from  an}-  shafts  hereafter  to  be  opened.  The  field  has 
been  taken  up  bv  the  Michigan  Standard  Coal  and  Mining  Co..  to 
whose  manager,  X.  B.  Konkel,  we  are  indebted  for  information. 
The  location  of  these  properties  is  show'n  on  Fig.  10.  The  Michigan 
Standard  Coal  and  Mining  Co.  organized  in  October,  1898,  and 
reached  4  feet  9  inches  of  coal  at  92  feet  depth  on  December  19. 
following.  They  have  the  coal  rights  for  800  acres  which  is  said  to  be 
covered  by  7  to  17  feet  of  hard  slate  roofing. 


TABLE  V.-STATISTICS  OF  COAL  PRODUCTION. 


Saginaw  Bay  Coal  Company. 
W.  L.  Webber,  Pres. 

Sebewaing  Coal  Company. 
S.  O.  Fisber.  Pres. 
W.  T.  Chappell,  Sec.  and  Mgr. 

1890  

1891  

10. 63.5 
16.800 
13.  820 

1892  

1893  

1894  

38.  .523 

In  8  monthstof  1899  the  Michigan  Standard  took  out  about  .5.000 
tons  and  are  hoping  to  make  it  20,000  in  1900. 

The  coal  is  used  mainly  by  railroads  and  others,  as  steam  coal, 
and  the  Dorrance  grate  is  especially  recommended  for  use  with  it 
since  with  so  much  sulphur  it  is  bound  to  run  on  the  grate.  No 
attempt  has  been  made  to  use  the  associated  clays,  the  only  thing 
of  the  sort  having  been  the  use  of  the  refuse  for  mending  the«id- 
jacent  sandy  roads,  for  which  it  is  well  adapted,  nor  has  the  associa- 
ted sulphide  of  iron  been  used.  For  farther  description  of  the  coal 
basin  see  §  2  of  Chapter  II,  |  5,  of  Chapter  V,  and  the  records  of 
borings  in  Sec.  7,  8,  17  and  18  of  T.  15  N.,  R.  9  E.  These  records  we 
have  leave  to  publish  now  as  the  coal  lands  are  pretty  well  known, 
and  the  records  throw  light  on  the  prospects  for  water,  and  for  shale 
industries,  pyrite,  etc. 

§  9.    Ores,  sulphides  of  iron,  zinc  and  lead. 

(a).    Sulphide  of  iron,  pyrite  and  marcasite. 

The  metals  are  frequently  associated  with  sulphur  as  sulphides 
in  nature,  and  these  sulphides  are  frequently  mined.  The  sulphides 
of  iron  have  never,  however,  been  utilized  as  primarily  sources  of 
iron.v  but  as  sources  of  sulphur  or  rather  sulphuric  acid  they  have  a 
certain  value  (about  |4.00  to  |6.00  a  ton  at  factory).    I  have  already 
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mentioned  that  they  occur  with  coal,  and  it  is  as  a  bye  product  of 
coal  production  that  it  is  most  likely  that  they  will  be  of  economic 
value.  But  they  are  by  no  means  confined  to  the  coal.  They  occur 
abundantly  throughout  the  formation,  nodules  are  common  in  the 
lower  sliales,  and  as  already  mentioned  the  sandstones  of  the  Point 
aux  KaiMiucs  lighthouse  are  heavily  charged  with  them.  It  is  very 
common  also  to  strike  them  in  the  wells,  but  from  the  nature  of  the 
case  one  cannot  be  sure  whether  the  body  struck  is  merely  a  nodule, 
i.  e.,  irregular  rounded  mass,  a  form  in  which  they  frequently  occur, 
or  whether  it  is  a  more  extensive  bed.  The  top  of  the  Napoleon  sand- 
stone is  often  heavily  charged  with  sulphides  of  iron,  and  it  will 
be  noted  that  many  of  the  wells  around  Tarry  in  Fairhaven  township 
report  considerable  bodies  of  pyrite.  The  samples  from  these  wells 
in  Fairhaven  township  also  show  much  pyrite.  The  sulphide  of  iron 
is  likely  to  occur  with  the  sulphides  of  zinc  and  lead,  and  when  it 
does  so  occur  it  lowers  the  value  of  the  others.  The  sulphide  of  iron 
must  itself  be  quite  pure  to  have  any  commercial  demand. 

(b)  .    Sulphide  of  zinc,  i.  e.,  sphalerite,  black  jack  or  blende. 
Small  quantities  of  this  mineral  are  very  widely  disseminated 

through  limestone.  It  has  a  resinous  lustre,  good  cleavage,  and  the 
powder  has  a  dirty  brown  color,  generally  speaking.  It  is  easily 
scratched  with  a  knife.  The  lustre  is  so  bright  that  a  casual  glance 
may  not  distinguish  it  from  the  sulphide  of  lead  or  galena,  though 
they  are  easy  enough  to  separate  (p.  230).  This  mineral  occurs 
in  some  quantity  in  limestones,  probably  of  the  Michigan  series,  in 
the  adjoining  county  of  Tuscola,  near  Cass  City,  and  occurs  as  a 
miueralogical  curiosity  in  Huron  county  (See  Chapter  VIII).  Among 
the  borings  from  Bauer's  well,  Sebewaing,  I  saw  fragments  from  a 
cavity  118  feet  down,  i.  e.,  near  the  top  of  the  Bayport  limestone,  that 
showed  specks  of  zinc  blende. 

(c)  .    Sulphide  of  lead,  galena. 

This  mineral  has  nearly  the  hardness  and  color  of  lead,  but  breaks 
into  square  angled  pieces.  At  the  time  I  was  in  Huron  county 
there  was  quite  an  excitement  as  regards  lead  mining,  and  some  ex- 
plorations were  carried  on  by  Chas.  Henning  of  Saginaw  and  others, 
with  no  success  that  I  at  present  know.  Since  I  made  my  examina- 
tions there  have  been  reports  of  further  explorations.  The  origin  of 
the  search  for  lead  seems  to  be  traditions  of  Indians  finding  it,  so 
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that  it  seems  to  be  worth  while  to  sift  these  traditions,  and  see  what 
they  are  worth,  and  what  the  real  prospects  are. 

The  traditions  all  agree  that  the  Indians  went  off  into  the  woods 
and  would  not  allow  themselves  to  be  followed,  but  came  back  with 
lead  that  they  said  tbey  had  obtained.  Now  as  the  reduction  of  lead 
from  galena  is  extremely  easy  this  is  not  intrinsically  improbable. 
From  Port  Austin  they  are  said  to  have  been  gone  three  or  four 
days  and  the  direction  they  look  led  people  to  think  that  the  lead 
ore  was  obtained  along  the  Pinnebog.  From  Heisterman's  Island 
they  are  said  to  have  gone  across  to  the  main  land.  There  are 
numerous  reports  as  to  their  having  been  offered  large  sums  to 
reveal  the  place. 

Dr.  W.  C.  Wright  of  Unionville,  gave  me  a  piece  of  galena,  which 
he  obtained  from  an  Indian  halfbreed  in  the  winter  of  1888.  who 
said  it  came  either  from  near  the  Sbebeon  oi-  from  a  place  where  the 
Au  Sable  Kiver  cut  through  the  formation. 

Before  we  speak  of  the  Indians  farther  wo  will  take  into  account 
a  few  other  facts. 

Around  Mosner's  hotel  were  a  number  of  pieces  of  galena  which 
were  said  to  come  from  near  Shebeon. 

Mr.  George  Schuch  is  said  to  have  found  a  piece  of  galena  in 
digging  a  well  18  feet  deep  in  the  drift,  on  Sec.  21,  T.  16  N.,  K.  9  E. 
Mr.  Lambert  of  Caseville,  said  he  picked  up  a  chunk  of  galena  as 
big  as  your  fist  near  the  mouth  of  the  Shebeon,  on  Sec.  11,  T.  16  N.. 
R.  9  E.  Some  of  the  samples  from  Ck)llison's  well  on  Sec.  15,  T.  16 
X.,  R.  9  E.,  show  galena.    (See  record.) 

Finally,  I  have  seen  a  piece  of  lead,  not  lead  ore,  which  was  said 
to  have  come  from  a  test-boring.  This  may  have  come  thence,  but 
must  have  been  put  there  first.  It  is  easy  enough,  not  merely  for  the 
driller,  but  for  any  mischievous  boy  or  anyone  else,  in  any  waj-  in- 
terested, to  drop  something  down  a  drill  hole.  We  have  therefore 
to  take  the  evidence  of  churn-drill  powder  with  caution.  So,  too,  an 
Indian  might  be  tempted  to  "fill  up''  an  interviewer,  especially  if  he 
thought  the  compliment  might  be  returned  and  he  himself  filled  up. 
Such  a  tale  as  that  an  Indian  off  hunting  struck  his  tomahawk  into 
an  apparent  stump  to  hold  it,  while  skinning  game,  only  to  find  a 
solid  mass  of  lead,  betrays  itself  as  a  work  of  overbold  imagination. 

But  on  the  other  hand  we  must  consider  that  the  reports  unite  in 
directing  suspicion  on  the  same  formation,  the  Grand  Rapids  group. 
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—the  Upper  Mississippian, — the  reports  being  without  collusion,  and 
by  persons  unacquainted  with  the  geologj-,  and  that  the  samples  of 
galena  agree  physicall.y,  being  of  the  coarsely  cleavable  variet}'. 
When  we  consider,  too,  that  zincblende,  which  is  a  common  associate 
of  galena  is  known  to  occur  in  this  formation,  and  that  the  Upper 
Mississippian  itself  is  in  Missouri  and  elsewhere  a  well  known  pro- 
ducer of  galena*  we  have  a  strong  presuiii])ti()n  that  the  Grand 
Eapids  group  is  in  Michigan  also  somewlinl  j^iilcTiiferous.  But  in 
searching  for  deposits  we  must  remember  tliiit  Indians  rarely  if  ever, 
mined,  certainly  neyei-  test-pitted,  and  what  galena  they  may  have 
obtained  was  almost  certainly  obtained  from  the  surface.  Again  an 
Indian's  time  was  worth  very  little,  especially  if  in  a  congenial  occu- 
pation. It  is  quite  as  likely  as  not,  therefore,  that  they  obtained  th^eir 
galena  from  the  beds  of  streams  or  other  surface  deposits  where  ex- 
perience had  taught  them  it  was  to  be  obtained.  Mr.  Lambert's  dis- 
covery and  the  Collison  well  samples,  taken  in  connection  with  the 
fact  that  the  Shebeon  does  cut  down  to  the  limestone,  make  that 
region,  i.  e.,  that  colored  an  the  map,  PI.  VII,  as  underlain  by  the 
Michigan  series  or  higher  beds  the  most  promising,  but  the  plan  of 
investigation  which  would  commend  itself  to  me  would  be  that  of 
panning,  as  the  westei  ii  miners  do  for  gold,  and  seeing  if  the  heavy 
residue  at  the  bottom  of  such  a  pan  showed  signs  of  galena  or  rather 
of  the  heavy  white  carbonate  into  which  it  would  be  converted.  At 
the  same  time  it  would  be  little  extra  trouble  to  watch  the  sand 
pump  when  a  well  is  bored  for  water  in  the  district  most  likely  to 
show  signs  of  galena,  and  perhaps  sometime  a  well  put  down 
for  water  may  show  signs  of  galena  sufficient  to  warrant  the  use 
of  a  core  drill.  I  do  not  consider  that  the  prospects  of  a  pay- 
ing lead  mine  warrant  expensive  exploration,  or  borings,  for  the 
express  purpose  of  discovering  lead,  for  the  chances  are  decidedly 
that  all  the  lead  that  has  been  discovered  comes  from  pockets 
of  no  economic  value.  But  any  farmer's  boy  can  do  the  pan- 
ning suggested,  and  if  the  lower  Shebon,  Pigeon  or  lower  Pinne- 
bog  gravels  showed  uniformly  a  considerable  percentage  of  lead 
ore,  the  prospects  for  success  would  be  improved.  It  is  possible 
that  the  fissure  which  we  have  spoken  of  as  cutting  the  Sebewaing 
coal  mine,  which  seems  to  have  concentrated  the  sulphide  of  iron 
along  it,  may  lower  down,  where  it  passes  through  the  limestone, 

'Missouri  Geol.  Sur.,  VI,  pp.  47,  150.  151,  157,  158,  etc. 
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have  served  as  a  channel  for  waters  which  may  there  have  deposited 
the  other  sulphides.    And  so  the  fault  suggested  by  Mr.  Wallace  on 
Sec.  14,  T.  16  X.,  R.  9  E.,  if  it  exists  even  as  a  mere  break,  may  serve 
equally  as  a  channel  for  the  waters  which  concentrate  ore  bodies. 
§  10.  Salt. 

This  was  once  a  great  industry  and  went  hand  in  hand  with  the 
lumber  industry,  and  as  the  one  has  declined,  so  has  the  other.  The 
lumbermen  are  largely  dispersed  to  Alabama,  Minnesota,  all  over  the 
United  States,  and  the  salt  blocks  are  shut  down.  Only  around 
Caseville,  and  around  Owendale,  does  the  lumber  industry  still 
linger.  There  was  still  quite  a  nice  little  area  of  pine  to  the  east  of 
Caseville,  and  some  comes  in  from  the  south  around  Owendale. 
Flach  and  Conley  of  Caseville,  have  the  only  remaining  salt  blocks 
in  operation  in  the  county,  when  once  there  were  over  ten. 

We  give  below  a  list  of  the  companies,  so  far  as  we  know,  that 
have  operated  in  the  county.  Up  to  1887  Huron  county  produced 
about  ten  per  cent  of  the  product  of  the  state.  In  the  last  decade  it 
has  dwindled  to  a  mere  local  supply.  We  have  endeavored  to  get  the 


TABLE  VI.-STATISTICS  OF  THE  SALT  WELLS. 


Date. 

Deptlis 

Ca- 
pacity. 

Pro- 
cess. 

Tremain  &  Clark,  Old  Bayport,  never  in  operation  

1874 

2,000 
0) 

1,760 
(2) 
(3) 

2,270 

30,000 

steam 

+pan 

Pigeon  River  Furnace  Co.,  (later  Lake   Huron  Iron 
Company)  

1.760 

30.000 

steam 

3 

Flach.  &  Conley  (formerly  Curran,  Flach  &  Conley)  

1,800 

steam 

6 

Williams,  Eaklns  &  Soule,  Port  Crescent  

1,2.50 

1863 
1875 

1.198 
1,226 
1.200 
1,000? 

1,029 
787 

20,000 

pan 
pan 
pan 

Ayres,  Learned  &  Avers  (Skene  well)  

?           Grindstone  City  

(1) 
(2) 

15,000 
20,000 

pan 
pan 

3 

Port  Hope  Salt  Co.,  (R.  C.  OgUvie)  

(1) 

(2) 
(1) 
(2) 
(3) 

715  or 
702  or 
900 
1,920 
555 
700 
1,31) 

20.000 

to 
50.000 

pan 

later 
steam 

Huron  Dairy  Salt  Co.,  1886  

20.000 

pan 

6 

1 
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product  more  precisely,  but  have  not  been  able  to.  The  reports  of 
the  commissioners  of  mineral  statistics  have  some  misprints  that  we 
cannot  straighten  out. 

The  analyses  of  Chapter  VI,  p.  13.5,  show  the  chemical  nature  of 
the  brines.  It  will  be  noticed  that  the  deep  Harbor  Beach  well  has  a 
much  larger  proportion  of  other  ingredients  to  the  Na  CI  (pure  salt) 
than  the  brines  from  the  Berea  grit.  This  is  also  true  comparing  it 
with  the  shallower  well  at  Harbor  Beach,  in  which  the  Na  CI  is  over 
98;^  of  the  solids  (analysis  4).  Though  the  wells  at  Caseville  have  not 
been  analyzed,  so  far  as  known,  a  similar  condition  is  indicated  by 
the  fact  that  Crawford's  deepest  well,  which  went  down  below  the 
Berea  grit  and  corresponds  more  or  less  therefore  to-  the  deeper  Har- 
bor Beach  well,  gave  a  brine  so  much  more  impure  that  they  had  to 
wash  the  pans  every  24  hours,  and  later  every  12  hours,  to  get  rid  of 
the  bittern  (which  contains  the  chlorides  of  lime,  potash  and  mag- 
nesia), whereas  before,  i.  e.,  when  it  was  only  1700-1800  feet  deep, 
such  washing  was  necessary  only  every  48  hours. 

It  will  be  noticed  how  comparatively  free  these  deep  brines  are 
from  sulphates.  Now  Leipprandt's  100  foot  well,  on  Sec.  1.3,  T.  17  N., 
R.  10  E.),  which  was  quite  salt  and  has  been  used  for  making  salt  for 
domestic  use,  and  Is  said  to  make  a  pure  salt  though  it  needs  to 
stand  in  the  sun  for  a  day  to  get  rid  of  the  iron  (this  is  necessary  for 
all  brines),  gives  a  strong  reaction  for  gypsum,  and  this  is  char- 
acteristic of  all  the  shallow  salt  wells. 

In  view  of  the  vast  fields  of  rock  salt  that  have  been  discovered 
elsewhere  in  Michigan,  which  though  they  probably  underlie  Huron 
county,  are  many  feet  deeper  than  the  deepest  well,  and  in  view  also 
of  the  departure  of  the  lumber  industry,  it  is  not  to  be  expected  that 
there  will  be  any  great  revival  of  the  salt  industry.  At  the  same  time 
it  will  probably  continue  to  supply  a  local  demand  unless  crushed  by 
some  large  association.  The  surplus  is  shipped  outside,  but  the 
profits  come  from  the  local  trade.  Nothing  has  been  done  yet  toward 
saving  the  by-products,  the  plaster  and  bitterns,  and  it  is  in  that 
direction  we  must  look  for  progress  in  the  future.  I  have  already 
suggested  that  there  might  be  enough  bromine  and  potash  in  some  of 
the  bitterns  to  pay  for  extraction,  and  it  seems  as  though  some  of 
the  bitterns  might  find  uses  as  a  base  for  disinfectant  manufacture, 
etc.  The  calcium  chloride  has  been  used  in  putting  up  canned  fruit, 
29-Pt.  II. 
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and  the  county  is  an  admirable  fruit  raising  country.  It  is  also  used 
with  water  glass  in  making  artificial  stone. 

The  use  of  the  refuse  salts  as  fertilizers  has  a  limit  in  this  county 
owing  to  the  fact  that  in  the  western  part  the  soil  is  already  rich  in 
the  same  substances,  but  on  the  sandy  strips,  and  in  connection  with 
manufacture  of  bone  fertilizer  and  the  use  of  the  sulphur  of  the 
mines,  there  seems  to  be  an  opening  for  their  use. 

§  11.    Gypsum,  or  plaster  of  Paris. 

This  mineral  is  white  when  pure  enough  to  be  valuable  and  cleaves 
into  scales  of  transparent  friable  flakes.  It  is  soft  enough  to  scratch 
with  the  finger  nail. 

Just  across  Saginaw  Bay  the  gypsum  quarries  of  Alabaster  and 
Tawas  Bay  have  long  been  known,  but  while  it  has  early  been  ob- 
served by  Kominger  that  the  strata  ought  to  extend  into  Huron 
county,  but  little  has  been  known  definitely  in  the  matter.  Here  and 
there  wells  were  supposed  to  have  encountered  gypsum,  but  drillers 
are  likely  to  overlook  it,  when  not  going  down  to  find  it. 

The  work  of  the  survey  has  put  it  beyond  question  that  at  least 
one  considerable  bed  of  gypsum  does  extend  into  the  county  and  its 
probable  extent  is  shown  by  a  line  upon  Plate  VII*,  but  it  is  nowhere 
exposed  at  surface.  The  few  fragments  of  gypsum  we  have  seen 
(Sps.  19004  and  19159)  only  show  that  there  is  some  of  good  quality, 
but  what  the  thickness  of  any  certain  grade  may  be,  we  do  not  know. 
So  far  as  we  can  judge,  it  is  everywhere  covered  too  deep  to  permit 
of  working  by  stripping  and  open  quarrying  but  the  southern  part  of 
Sec.  23,  Chandler,  and  the  neighborhood  of  Tarry  near  the  center  of 
Fairhaven,  seem  as  good  places  to  test  as  any.  There  has  been  quite 
an  inquiry  for  plaster  lands  lately,  but  in  view  of  other  deposits, 
better  known  and  quite  as  well  located,  the  prospects  are  not  too 
flattering.  At  the  same  time  I  doubt  not  that  some  time  this  re- 
source of  the  county  will  be  developed,  when  the  prospects  for 
pecuniary  success  are  favorable,  and  it  is  certainly  advisable  that  in 
all  well-drilling  throughout  the  district  where  the  gypsum  is  liable 
to  occur  as  shown  on  the  map  (Plate  VII)  an  eye  should  be  kept  out 
for  it,  and  as  good  samples  as  possible  kept,  as  well  as  an  idea  of  its 
thickness  got,  for  its  own  sake,  as  well  as  to  keep  it  out  of  the  water. 
§  12.  Marl. 

Marl  or  rather  bog  lime  is  a  white  or  bluish  gray  substance  slimy 


*See  above  Chap.  V,  §  3,  pp.  100  to  103. 
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and  sticky  when  wet,  j)ow(lpnn<j  when  dry,  which  effervesces  violent- 
ly and  dissolves  largely  in  acids,  and  is  found  beneath  lakes,  ponds 
or  marshes,  and  is  often  full  of  little  shells,  such  as  those  listed  in 
Chapter  10,  §  2.  Generally  speaking,  throughout  the  state  the  well 
and  ground  water  contains  considerable  lime  dissolved  in  the  water 
as  bi  carbonate.  When  this  water  finds  its  way  by  springs  into 
ponds  or  marshes  the  carbon  dioxide  may  be  abstracted  by  plants 
(Davis),  or  sometimes  escape  directly,  and  carbonate  of  lime  may  be 
extracted  by  animals  or  precipitated  directly  if  the  loss  of  carbon 
dioxide  to  the  vegetation  or  the  atmosphere  is  sufficiently  great. 

It  has  long  been  recognized  as  a  fertilizer,  but  usually  the  solids  of 
Huron  county  have  sntlicicut  lime  and  its  main  application  will  be 
upon  very  sandy  or  sour  soils.  As  a  fertilizer  no  great  purity  is  re- 
quired and  in  fact  most  dictionaries  refer  to  marl  as  a  calcareous 
clay. 

A  new  and  important  use  for  it  has,  however,  sprung  up  in  the 
manufacture  of  Portland  cement.  For  this  purpose  it  is  wanted  to 
be  as  pure  CaCOg  as  possible,  so  that  just  the  right  proportions  of 
clay  can  be  added  to  it  to  make  the  best  composition.  Practically 
the  dry  marl  should  be  not  less  than  9-10  CaCOj.  I  have  seen  no 
marl  as  pure  as  this,  but  there  are  signs  of  the  presence  of  marl  in 
the  marshes  back  of  the  Forest  Beaches  from  Mud  Lake  to  just  south 
of  Badaxe,  and  clear  around  to  Kuth.  It  might  be  well  to  explore 
farther,  as  if  there  were  much  marl,  especially  just  north  of  Ruth  it 
could  be  worked  in  connection  with  the  shale  banks  of  White  Eock. 

Some  other  localities  for  marl  are  mentioned  in  the  reports  of 
various  wells  e.  g.  §  20,  Hume  township. 


CHAPTER  VIII. 


NOTES  ON  MINERALS. 
§  1.  Introduction. 

It  is  the  object  in  this  chapter  to  gather  together  notes  on  the 
minerals  as  such.  The  mineralogy  of  the  county,  if  we  leave  out  of 
account  the  minerals  that  may  occur  in  the  drift,  is  very  simple,  and 
it  would  be  possible  to  make  it  quite  complete.  But  I  have  thought 
it  would  add  to  the  utility  of  the  report  to  the  residents  of  the 
county,  if  I  added  few  notes  on  the  minerals  which  make  up  the 
rocks  that  are  scattered  as  boulders  upon  the  surface.  As  we  made 
no  extensive  observations  upon  the  drift,  and  almost  any  mineral 
rock  or  fossil  that  occurs  in  Canada  or  the  whole  lake  basin  is  liable 
to  turn  up.  transported  here  by  the  ice  of  the  glacial  sheet,  or  of  the 
spring  floes  that  drift  here  and  there  as  the  winds  impel,  this  part 
of  the  work  is  very  incomplete.  I  have  arranged  the  work  in  this 
way.  I  have  given  each  mineral  a  heading,  taking  them  in  the  order 
in  which  they  occur  in  Dana's  mineralogy,  and  then  taking  each 
variety  or  different  form  of  occurrence,  have  given  briefly  such  char- 
acters as  have  actually  been  observed  on  Huron  county  specimens, 
and  then  appended  the  locations  where  the  same  were  found. 

§  2.    List  of  minerals. 

Copper. — Copper-colored;  can  be  cut,  has  a  shining  streak,  tar- 
nishes dark,  and  is  likely  to  have  greenish  spots. 

Mr.  W.  L.  Webber  has  a  piece  about  two  ounces  in  weight  which 
was  found  at  the  bottom  of  the  stripping  on  top  of  the  rock  at  the 
Bayport  quarry.  The  stripping  is  of  lake  gravel,  a  water  stage  just 
above  Lake  Algonquin.  The  connection  by  water  through  to  Lake 
Superior  at  this  time  is  suggested.  Label:  "received  March  10, 1887, 
from  A.  H.  Wallace."  The  crystals  of  native  copper  referred  to  by 
Winchell  (1860,  p.  80)  have  not  been  verified. 

Galenite.  Pb.  86.6^,  S.,  13.4;^.  Lead-colored,  metallic,  easily  cut, 
heavy,  brittle,  breaking  into  cubical  pieces,  weathers  so  as  to  have  a 
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yellow  coating.  The  occurrences  have  already  been  described  in 
Chapter  VII  §  9  (c).  None  of  them  are  satisfactorily  authenticated, 
that  is,  there  is  no  place  where  one  can  go  back  and  be  sure  of  finding 
even  a  very  little  galena.  All  of  the  finds  may  have  been  from  drift 
deposits,  except  that  in  Collison's  well.  Galenite  is  most  liable  to 
be  found  in  small  vugs  or  cavities  in  the  limestone. 

Sphalente.  (Zn  Q7^;  S.  33;^).  Lustre  resinous  to  almost  metallic; 
color  deep  yellow  to  black;  very  cleavable,  the  directions  of  cleavage 
being  at  angles  of  60°  streak  rather  dirty. 

Found  in  the  drillings  from  Bauer's  well  at  Sebewaing;  also  (Sp. 
No.  19066)  traces  near  the  Point  aux  Barques  lighthouse,  with  cal- 
cite  replacing  a  shell;  liable  to  occur  under  same  conditions  as 
galena. 

Clwlcopi/ritc?  Cu  34.5;fc';  Fe  30.5/^^;  S.  35.0;^.  At  the  Point  aux 
Barques  lighthouse  some  of  the  pyritic  matter  seems  from  the  copper 
blue-green  weathering  stains  to  show  traces  of  copper,  but  the 
mineral  as  such  has  not  been  recognized. 

Pi/rite.  Fe  46.6;^;  S.  53.4;^.  Brassy;  in  cubes  or  pentagonal  dode- 
cahedra,  harder  than  a  knife  but  brittle;  powder  greenish  to  brown- 
ish black;  less  decomposed  and  somewhat  more  yellow  than  mar- 
casite,  but  also  weathers  fairly  readily  to  sulphate  of  iron,  or  to 
hematite,  in  which  case  the  rocks  containing  it  smell  sour  and  taste 
puckery.  While  pyritic  matter  is  common  in  all  the  formations 
it  is  generally  of  the  allied  species,  marcasite,  which  has  exactly  the 
same  chemical  composition  but  a  different  crystalline  form,  a  lighter 
color  and  a  greater  readiness  to  change  to  sulphates.  At  the  same 
time  the  two  seem  to  be  often  intimately  associated.  I  have  pieces 
of  coal  in  which  marcasite  seems  rapidly  to  change  to  vitriol,  while 
pyritic  coatings  on  the  faces  near  by  remain  untouched.  Occasion- 
ally it  occurs  in  vugs  in  the  sandstone  (Sp.  19011)  in  quite  good  sized 
crystals. 

Marcasite.  Like  pyrite,  but  differing  in  crystalline  form,  and  more 
readily  decomposed.  Some  of  the  specimens  appear  very  white  on 
fracture,  which  suggests  a  trace  of  arsenic. 

Abundant  in  the  coal  mines  of  Sebewaing,  occasional  in  the  lime- 
stones of  Bayport,  etc.  Abundant  in  the  shales  in  nodules  and 
especially  so  at  the  Point  aux  Barques  lighthouse^  sometimes  cement- 
ing the  conglomerate. 

Quarts.  Si  46.7;^,  O  53.3^.  Rock  crystal,  etc.  This  is  the  principal 
constituent  of  sand,  and  makes  most  of  the  pebbles  of  the  con- 
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glomerates  and  gravels,  and  is  most  abundant  in  the  boulders,  and, 
is  usually  either  colorless,  transparent,  or  white  and  milky.  It  is  the 
hardest  mineral  commonly  met.  and  a  steel  knife  will  leave  a 
metallic  streak  on  it,  and  there  is  almost  no  trace  of  cleavage,  the 
fracture  being  commonly  glassy.  When  crystallized,  it  has  the  form 
of  a  hexagonal  prism  with  triangular  faces  making  the  termination. 
In  this  form  it  occurs  in  the  nodules  of  Charity  Island  (Sp.  19191), 
but  is  absent  or  rare  around  Bayport  in  the  nodules,  though  many  of 
the  fossils  and  corals  are  composed  of  quartz. 

Chalcedonij.  A  variety  of  quartz,  with  a  waxy  lustre,  and  bluish 
to  white  tints,  tending  to  have  a  botryoidal  surface  (composed  of 
little  round  projections  like  a  bunch  of  grapes  or  raspberries).  Most 
abundant  at  Charity  Island  (Sp.  19191).  and  liable  to  occur  else- 
where in  the  limestone. 

Chert.  Opaque  gray  silicious  nodules,  with  a  smooth  conchoidal 
fracture  and  somewhat  splintery,  often  tending  to  weather  out  into 
concentric  shells.    Occurs  in  the  limestone  (Bps.  19002.  19179). 

Hematite.  Fe  70^;  O  30(^:  Red  to  steel-color;  powder  red.  Occurs 
abundantly  in  the  drift,  associated  with  and  coloring  the  blood  red 
jasper  which  is  so  showy  a  constituent.  It  probably  occurs  at  times 
as  an  alteration  product  of  iron  sulphides,  but  generally  the  mineral 
that  results  from  these  is  limonitic,  i.  e.,  hydrous.  Only  once  have  I 
observed  well  developed  hematite  (Sp.  19020),  near  Hard  Wood 
Point,  lining  a  cavity.  The  bright  metallic  scales  are  arranged  per: 
pendicular  to  the  walls  of  the  cavity  as  in  the  specimens  of  grape 
ore  that  show  a  bloom. 

The  Lower  Marshall  sandstone  is  heavily  charged  with  iron. 
Probably  originally  much  was  carbonate,  but  many  of  the  flag  layers 
have  a  blue  or  purplish  color  and  give  a  red  streak,  showing  that  they 
are  charged  with  hematite.  Others  are  more  altered  and  give  the 
yellowish  streak  of  limonite.    rSps.  19037.  19125,  19137,  19145.) 

Limonite.  Fe  59.8;^;  O3  25.7;«^;  HoO  14.5;e,  Ochre  and  bog  iron  ore. 
Wide  spread  as  iron  rust,  staining  and  coloring  the  soil  and  rocks. 
Davis  has  noticed  that  around  the  borders  of  bogs  it  is  leached  out 
of  the  sand  by  organic  matter,  to  be  deposited  at  the  bottom.  Speci- 
men 19174  of  bog  iron  ore  shows  the  effect  very  characteristically. 
There  are  bright  irregular  seams  which  look  like  black  varnish,  yet 
give  a  yellow  brown  powder,  embedded  in  a  yellow  brown  ochre. 
The  Marshall  sandstones  are  often  very  heavily  charged  with  limon- 
ite.   Sometimes  a  concentric  structure  can  be  noticed,  the  original 
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green  or  blue  shale  lying  in  the  middle,  while  there  are  brown  lines 
around  it  as  the  weathering  to  limonite  works  in  (Sps.  19089 — 19094, 
19069). 

Wad.  Impure  ore  of  manganese.  Specimen  19174  gives  no  re- 
action for  manganese,  but  Sp.  19158,  which  is  probably  from  Tuscola 
county  and  is  a  blue  black  earth  with  calcareous  pebbles,  does. 
Similar  deposits  might  be  expected  near  Soule. 

Calcite.  CaO  50. Oj^;  CO,  44.0<^.  Effervesces  in  vinegar;  soft,  being 
readily  cut  with  a  knife  but  not  with  the  finger  nail;  cleaves  readily 
into  small  rhombs  with  faces  making  an  angle  of  about  75°  with 
each  other.  Crystallized  it  occurs  best  developed  in  vugs  or  in 
nodules  in  the  Bayport  limestone  (Sps.  19002  and  19005).  In  these 
cavities  there  are  two  forms  side  by  side  which  look  different  enough 
to  be  different  species:  (1)  Dogtooth  spar,  in  small  white  pointed 
scalenohedrons;  (2)  Generally  older,  more  transparent  but  brownish 
crystals,  in  which  2R  is  the  predominant  face,  though  a  number  of 
other  faces,  and  a  twinning  also  appear.  These  crystals  from  their 
brown  color  and  occasionally  iridescent  tarnish  would  be  taken  at 
first  for  some  other  carbonate,  but  in  reactions  with  acids  and  in 
specific  gravity  they  agree  with  calcite,  and  not  with  the  magnesian 
or  ferriferous  carbonates,  so  that  the  different  appearance  must  be 
due  to  a  trifling  percentage  of  impurity  (organic  matter  ?). 

Calcite  also  occurs  quite  commonly  in  small  crystals  lining  the 
cavities  of  fossils^  especially  in  the  chambers  of  Goniatites  (Sp.  19010 
and  19018). 

Calcareous  tufa,  a  recent  deposit  of  calcareous  springs,  looks  at 
first  glance  more  like  old  bone  than  anything  else  (Sp.  19107).  In 
a  massive  form  calcite  composes  the  limestones,  and  limestone  peb- 
bles are  widespread  through  the  drift.  The  outcrops  of  limestone 
have  already  been  described. 

The  other  carbonates,  now  that  what  I  took  to  be  ankei'ite  proves 
not  to  be  such,  have  not  been  recognized  in  crystalline  form,  though 
dolomite  doubtless  exists  as  does  certainly  the  massive  form. 

Dolomite.  CaO  30.4,'^;  MgO  21.8^;  CO.  47.8^.  Less  briskly  attack- 
ed by  acids  than  calcite  and  slightly  heavier;  similar  in  cleavage  and 
hardness.  Certain  beds  in  the  Bayport  limestones  are  decidedly 
dolomitic.    Generally  such  beds  are  darker  and  browner. 

Splierosiderite.  Fe  48.3^;  O  13.8^;  CO,  37.9;^.  Concretionary  iron 
ore,  characteristic  of  the  Lower  Marshall,  forming  balls  which  turn 
to  limonite  on  exposure,  always  more  or  less  impure  and  acting  as  a 
cement  to  the  sand.    Specimen  19011  shows  the  balls  well,  but  many 
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others  of  the  Lower  Marshall  specimens  effervesce  slowly  with  acids, 
rapidly  coloring  the  acid  yellow. 

Feldspars.  Alumo-silicates  of  potash,  soda,  and  lime,  not  quite  as 
hard  as  quartz,  generally  white  or  light  colored,  with  two  cleavages 
which  are  not  equally  good  and  are  at  nearly  right  angles.  Common 
among  the  drift  pebbles,  making  with  quartz  the  principal  con- 
stituent of  the  granitic  rocks.  In  the  conglomerates  it  seems  often 
to  have  changed  to  kaolin,  and  yet  sometimes  the  feldspar  is  fresh 
enough  so  that  the  cleavage  facets  show  well. 
Pyroxene  group,  found  in  the  drift  only,  in  dark  colored  boulders. 
AvipMbole,  or  hornblende.  Silicates  containing  alumina  and  mag- 
nesia, and  usually  iron,  lime  and  a  little  soda. 

A  common,  perhaps  the  commonest  dark  constituent  of  the  bould- 
ers, usually  dark  green,  giving  a  light  powder,  and  showing  a  pris- 
matic cleavage;  gives  a  somewhat  silky  lustre  when  closely  ex- 
amined. 

Garnet.  Silicates  of  alumina,  lime,  and.  in  usually  less  quantities, 
of  lime,  magnesia  and  iron. 

In  small  pink  granules  this  is  a  common  constituent  of  sand,  and 
occurs  in  the  drift  formation.  It  is  more  marked  in  the  residue 
left  by  panning. 

Epidote.  A  silicate  containing  lime,  iron,  alumina  and  water; 
gi'een  to  yellow-green,  only  in  the  drift,  or  in  saud  as  yellow-green 
grains? 

Mica.  Silicates,  containing  alumina,  water,  and  potash  and  soda 
or  magnesia  and  iron,  the  darker  ferriferous  ones  being  often  group- 
ed as  biotites  and  the  lighter  as  muscovites. 

Usually  in  thin  flexible  white  or  brown,  silvery  or  golden  scales 
well  known  as  isinglass,  sometimes  mistaken  for  gold  I  The  shales 
of  the  Marshall  are  generally  exceedingly  rich  in  mica,  and  scales  of 
white  mica  (muscovite)  may  often  be  seen  in  the  grindstones.  The 
shales  below  the  Marshall  are  even  richer  in  mica,  and  the  shales 
below  the  limestones  at  Soule  are  also  micaceous.  With  quartz  and 
feldspar  it  occurs  in  the  granite  boulders. 

Also  occurs  in  boulders  of  mica  schist,  etc.,  and  with  staurolite  in 
staurolite  schist. 

Staurolite.  (A  silicate  of  alumina,  magnesia,  iron  and  water.) 
Occurs  in  prismatic  crystals  with  an  obtuse  prism  in  front,  fre- 
quently twinned  so  as  to  look  like  a  St.  Andrew's  cross;  scattered 
here  and  there  on  a  fine  grained  micaceo\is  ground  in  a  staurolite 
schist  in  occasional  boulders,  as  on  North  Island. 
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Chlorite.  Silicates  of  alumina,  magnesia  and  water,  in  green,  flexi- 
ble, not  elastic  scales  in  boulders.  There  are  cliai actciistic  green 
stains  in  some  of  the  limestones  that  seem  to  be  due  to  some  cliloritic 
mineral. 

Kaolin.  Hydrous  silicate  of  alumina.  White;  earthy  smell;  sticks 
to  the  tongue,  soft;  occurs  after  feldspar  in  rounded  nodules  in  con- 
glomerate (Sp.  19010). 

(Ji/psnm.  Cat)  :i2.or;;  m,  40.6^;  HoO  20.9;^.  Cleaves  into  white 
brittle  scales;  soft,  just  scratched  with  the  linger  nail.  In  small 
crystals  sharply  formed  like  Fig.  1,  under  gypsum  in  Dana's  System 
of  Mineralogy,  on  shales  in  the  Sebowaing  coal  mines,  probably  due 
the  evaporation  of  the  selenitic  (gypsum-beai  ingi  waters  (Sp.  19233). 

A  piece  from  Sec.  10,  Caseville,  probably  found  in  digging  a  well 
is  satin-spar,  with  a  satin-lustre,  being  an  aggregate  of  parallel 
fibrous  crystals  (Sp.  19159). 

Large  rounded  masses  are  found  elsewhere  in  the  drift  digging 
wells.  Being  more  or  less  soluble,  it  cannot  remain  very  long  ex- 
posed at  the  surface. 

■Mdanteritc.  FeO  2r).!)';;  SO..  28.8';/;  H.O  45. In  fibrous  needles 
radiating  from  pyrilic  sjicciinens  of  coal  or  man  asite;  has  an  inky 
taste. 

Occurs  very  abundantly  on  the  specimens  from  the  Sebewaing  coal 
mine  and  probably  occurs  elsewhere  on  the  nodules  of  iron  sulphide. 
Another  j^ellow  iron  sulphate,  either  copiapite  or  coquimbite.  also 
occurs  in  similar  circumstances. 

Coal.  Impure  carbon;  occurs  both  in  the  coal  mines  and  in  small 
pockets  or  coaly  bits  juid  fnssils  at  viuious  i»oiiits  in  The  Marshall 
series.  The  (piarrics  gcncially  show  some  slabs  sprinkled  with 
coaly  bits.    (Sp.  19015.) 

One  interesting  occurrence  already  mentioned  is  that  of  a  rounded 
pebble  of  bituminous  coal  in  the  conglomerate  of  Point  aux  Barques 
lighthouse  (Sp.  190G8). 

The  coal  will  generally  differ  from  black  shale  by  leaving,  after  it 
ceases  to  burn  Avith  a  yellow  smoky  tianie,  a  l)huk  residue  which  a 
lens  shows  to  be  full  of  bubbles,  iiidiciii  iii^  that  it  has  been  melted. 
In  any  case  if  it  is  burned  so  that  the  residue  eeases  to  be  black,  it 
will  not  amount  to  more  than  20;/  of  the  whol(>.  In  black  shale  on  the 
other  hand  the  residue  is  apt  not  to  be  black,  will  retain  the  original 
shape  of  the  fragment  and  be  more  than  one-fifth  of  it  in  weight. 
30-Pt.  it. 
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BOTANICAL  XOTES,  BY  C.  A.  DAVIS. 

§  1.  Geological,  geographical,  and  practical  relations  of  plant 
distribution. 

The  following  list  of  plants  is  based  on  collections  and  notes  made 
at  odd  moments  and  incidental  to  regular  geological  work,  and  en- 
tirely subordinate  to  it.  The  larger  part  of  the  work  upon  which 
it  is  based  was  done  at  Port  Austin,  outside  regular  hours  of  work. 
Moreover  the  territory  assigned  the  writer  for  examination  was  a 
strip  three  townships  wide  through  the  center  of  the  county  and  no 
study  was  made  of  the  flora  of  the  eastern  or  western  sides  except 
such  as  could  be  undertaken  in  a  day  at  Harbor  Beach  in  July  and 
a  few  hours  at  Caseville  and  Bayport,  late  in  August,  hence  the  list 
must  of  necessity  be  incomplete  and  fragmentary  and  is  published 
without  any  pretense  of  being  complete. 

It  is,  however,  true  that  the  sections  of  Huron  county  visited  by 
the  writer  indicate  that  its  flora  is  not  very  extensive  or  varied,  as  a 
large  part  of  the  county  presents  very  nearly  uniform  conditions  of 
soil  and  elevation,  so  that  large  areas  are  covered  with  a  growth  of 
practically  identical  species.  The  monotony  of  the  vegetation  is 
farther  increased  by  the  fact  that  a  very  large  portion  of  the  county 
has  been  devastated  a  number  of  times  by  fires,  which  have  not  only 
destroyed  the  primitive  vegetation  of  the  time  when  the  fires  oc- 
curred, but  much  of  the  vegetable  mold  as  well,  and  with  it  the 
seeds  and  underground  parts  of  the  plants  which  might  have  sur- 
vived the  fires.  As  a  result,  these  areas  have  been  covered  with  a 
growth  of  such  plants  as  could  grow  in  rather  thin  light  soil  and 
whose  seeds  could  reach  the  ground  from  a  distance.  Such  areas 
must  be  seeded  in  two  principal  ways,  by  the  winds  and  by  animals, 
and  of  these  two  agencies,  by  far  the  most  important  is  the  wind. 
Hence  we  should  expect  to  find  those  plants  prevailing,  whose 
seeds  are  easily  carried  by  the  wind,  or  whose  fruits  are  attractive  to 
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animals,  especially  to  birds.  The  woody  plants  whose  seeds  are 
capable  of  being  borne  long  distances  by  winds  are  best  represented  • 
by  the  poplars  and  willows,  and  of  the  herbaceous  plants  whose 
seeds  are  thus  carried  about,  the  common  fire-weed,  milk-weed  and 
thistles  are  excellent  examples.  Plants  whose  fruits  are  attractive 
to  birds  are  well  represented  by  the  wild  cherries,  various  berries, 
etc.  If  we  examine  the  tracts  of  Huron  county  which  suffered  most 
from  the  great  fires,  we  will  find  that  the  flora  is  almost  wholly 
limited  to  those  species  whose  seeds  have  been  planted  in  the  ways 
mentioned.  The  trees  are  various  species  of  poplars,  sometimes 
mixed  with  birches,  the  shrubs,  blackberry  and  raspberry  bushes, 
and  the  herbaceous  species  are  represented  largely  by  sucli  forms  as 
Epilobium,  Solidago.  Aster  and  others  whose  seeds  are  easily  borne 
about  by  the  wind.  Plants  whose  seeds  are  less  easily  carried  about 
from  place  to  place  are  rare  or  wanting  in  such  tracts,  wherever  they 
are  found,  and  in  the  region  under  consideration  there  are  whole 
sections  whose  entire  flora  does  not  exceed  twenty  or  thirty  species, 
except  in  the  stream  valleys,  where  the  fires  did  not  burn  so  vigorous- 
ly, or  into  which  seeds  have  been  carried  from  unburned  districts  by 
the  stream. 

Still  another  consideration  limits  the  productiveness  of  such  areas 
as  those  above  described,  namely,  that  the  soil  is  capable  of  support- 
ing only  a  limited  number  of  individuals  of  any  species,  and  those 
species  which  can  best  endure  the  hard  conditions  imposed  upon 
them  will  occupy  the  entire  soil  and  prevent  the  introduction  of  less 
resistant  forms.  In  places  where  supplies  of  moisture  and  mineral 
food  are  limited  as  they  are  over  much  of  this  county,  each  plant 
has  also  to  cover  relatively  a  large  area  with  its  roots,  hence  the 
number  of  individuals  is  small  as  well  as  the  number  of  species,  and 
vegetation  is  not  luxuriant. 

Of  the  entire  territory  visited  by  the  writer,  the  region  along  the 
shores  of  the  Lake  and  covered  by  the  sand  dunes  showed  the  least 
change  either  from  fire  or  from  cultivation  and  hence  was  of  most 
interest.  Here  the  conditions  producing  scant  vegetation  are  in- 
tensified to  such  an  extent  that  herbaceous  Vegetation  is  reduced  to 
the  minimum  and  the  ground  is  covered  only  by  such  forms  of  plants 
as  have  especially  developed  powers  of  resistance.  These  powers 
may  develop  along  several  lines,  but' chiefly  they  seem  to  be  confined 
to  increasing  the  moisture-absorbing  or  root  system  and  decreasing 
the  moisture-exhausting  or  leaf  system.    Or,  as  in  certain  species, 
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the  vegetative  processes  may  go  on  actively  only  during  the  cool 
moist  portion  of  the  year,  the  plant  remaining  nearly  dormant  during 
the  hot  dry  summer  months,  or- living  on  reserve  food  stored  in  some 
specially  adapted  part  of  the  plant.  Because  of  these  modifications 
to  fit  the  special  environment,  the  plants  of  the  dunes  are  of  great 
interest  to  the  botanist  and  are  worthy  of  farther  study.  The  flora 
of  the  dunes  of  Huron  county  is  made  up  of:  (1)  plants  peculiar  to' 
the  shores  of  the  Great  Lakes;  (2)  those  common  to  the  shores  of  the 
Great  Lakes  and  of  the  ocean;  (3)  those  found  on  sand  barrens 
generally;  (4)  those  which  have  been  introduced  by  the  advent  of 
white  men;  (_5)  northern  species.  The  limits  of  the  various  groups 
are  quite  well  marked  and  may  be  defined  as  follows:  The  plants 
peculiar  to  the  shores  of  the  lake  and  ocean  are  to  be  found  only 
near  the  water,  probably  not  much  out  of  the  range  of  the  highest 
storm  waves,  and  so  far  as  observed  in  this  county,  never  beyond  the 
duue  line  nearest  the  lake  or  the  most  northern  one.  The  sand- 
barren  plants  occupy  the  rest  of  the  dunes,  encroaching  on  the  terri- 
tory of  the  other  groups  frequently.  The  fourth  class  take  up  un- 
occupied portions  of  the  land  wherever  they  gain  foothold.  The 
northern  species  are  found  on  the  more  exposed  situations  along  the 
dunes. 

A  problem  worthy  of  solution  is  that  involved  in  the  fact  that 
a  number  of  species  of  the  shores  of  the  Great  Lakes  are  identi- 
cal with  those  found  in  similar  places  by  the  Atlantic. 

The  formerly  accepted  theory  that  the  plants  growing  along  the 
lakes  are  survivals  from  the  time  when  the  lake  was  an  arm  of  the 
sea,  is  no  longer  tenable  in  the  light  of  modern  investigations.  The 
species  from  the  two  regions  are  absolutely  identical  and  of  com- 
paratively modern  and  highly  developed  types,  and  must  have  at- 
tained their  present  forms  long  after  all  connection  between  the 
ocean  and  the  lakes  which  would  admit  the  passage  of  salt  water 
had  ceased.  Moreover,  these  species  when  found  on  the  sea  shore 
are  not  usually  found  on  soil  that  is  saturated  with  salt  water,  as 
the  salt  marshes  are,  but  on  the  contrary,  are  found  growing  on  the 
sandy  strip  back  of  the  beach,  or,  more  frequently,  on  sand  dunes. 
If  the  salt  water  ever  reaches  these  situations,  the  salt  is  soon 
leached  out  from  the  porous  sand  by  rains  and  the  soil  is  practically 
as  free  from  salt  as  on  the  dunes  of  the  shores  of  the  Great  Lakes. 

It  would  seem  probable  that  these  plants  are  capable  of  enduring 
the  exceptionally  unfavorable  conditions  under  which  they  must 
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establish  tliemselves  from  tlie  seed,  with  greater  powers  of  resist- 
ance than  other  plants.  These  conditions  in  part  would  be  ex- 
ceptional sterility  of  soil,  for  on  newly  formed  dunes  there  is  scarcely 
a  trace  of  organic  matter,  and  soluble  mineral  matter  must  be  pres- 
ent in  very  small  proportion,  since  the  sand  of  both  lake  and  ocean 
dunes  is  largely  composed  of  silica  or  quartz.  A  second  condition  is 
exceptional  mobility  of  the  soil.  Even  in  a  slight  wind,  dune  sand 
is  in  some  motion  and  under  stronger  gales  it  blows  about,  even 
when  the  rain  is  falling, to  such  an  extent  that  a  plant  may  be  buried 
out  of  sight,  or  have  nearly  all  the  soil  removed  from  around  its  roots 
in  a  short  time.  A  third  condition  is  the  great  porosity  of  the  soil, 
which  makes  it  almost  impossible  for  water  to  stay  in  it  at  all,  es- 
pecially near  the  surface.  But  few  plants  would  be  capable  of 
enduring  one  of  these  difficulties,  and  undoubtedly  many  an  am- 
bitious weed  perishes  in  the  attempt  to  place  itself  among  the  plants 
which  can  get  a  foot  hold  despite  all  of  them.  When  once  estab- 
lished from  seed  the  shore  plants  are  vigorous,  growing  plants  send- 
ing strong,  wide-spreading  roots  deep  into  the  soil  and  searching 
far  and  wide  for  food.  The  beach  pea,  Lathyrus  maritimus,  for  in- 
stance, has  been  known  to  send  its  underground  stem  more  than  ten 
feet  through  the  sand  horizontally,  and  the  tough  thickly  matted 
roots  or  rootstocks  of  some  of  the  dune  grasses  make  the  best 
possible  protection  for  the  sand  against  the  wind.  So  well  is  this 
recognized  in  regions  where  the  wind  moves  the  sand  from  exposed 
dunes  to  cultivated  tracts,  as  for  instance,  on  the  shores  of  Cape  Cod 
in  Massachusetts,  that  stringent  laws  are  enacted  against  breaking 
the  sod  on  those  dunes  where  those  gl  asses  have  become  established, 
and  the  inhabitants  devote  a  certain  season  each  year  to  planting  the 
grasses  on  threatening  dunes,  to  prevent  the  drifting  of  the  sand. 

As  to  the  way  in  which  the  seeds  of  the  plants  growing  on  both 
lake  and  ocean  shores  traveled  across  the  intervening  land,  it  may 
be  stated  that  luigi'atory  birds  carry  seeds  of  plants  long  distances, 
and  this  is  particularly  true  of  water  fowl  and  wading  birds,  who 
carry  seeds  attached  to  beaks,  feet  and  feathers,  in  considerable 
numbers,  and  migrate  freely  from  the  ocean  to  the  lakes. 

In  general  the  flora  of  Huron  county  is  most  closely  allied  to  that 
of  the  Saginaw  vallej-,  not  a  single  species  which  is  characteristic  of 
the  flora  of  the  southeastern  section  of  the  state  having  been  noted. 
Certain  northern  species  are  abundant  enough  to  warrant  the  as- 
sumption that  a  portion  of  the  flora  has  come  from  the  northern 
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shore  of  the  bay,  or  across  the  lake  from  the  Cauadian  shore.  This 
is  easily  explained  when  we  remember  that  the  migration  of  birds 
southward  along  the  shore  occurs  at  the  time  when  the  seeds  of  many 
plants  are  fully  ripe  and  most  abundant  while  the  migration  to  the 
north  occurs  at  a  time  least  favorable  for  the  transportation  of  seeds. 
The  prevailing  winds  are  also  from  northerly  directions  during  the 
fall  and  it  is  quite  certain  as  has  been  shown  that  they  have  much 
to  do  with  scattering  the  seeds  of  certain  types  of  plants.  The  evi- 
dence, geologically  speaking,  is  that  the  lake  currents  run  northward, 
not  southward,  along  the  shore  of  the  county,  and  this  taken  in  con- 
nection with  the  facts  already  pointed  out  in  regard  to  the  distribu- 
tion of  plants  in  the  county  would  lead  to  the  conclusion  that 
such  currents  have  little  to  do  with  carrying  plant  seeds.  In  this 
instance,  however,  the  general  law  that  such  currents  are  important 
agents  in  distribution  of  plants  is  modified  by  the  fact  that  only  a 
few  small  and  unimportant  streams  enter  Lake  Huron  at  its  south- 
ern end,  hence  but  small  numbers  of  seeds  are  carried  from  the  land 
into  the  lakes. 

The  importance  of  the  wind  as  an  agent  of  seed  planting  in 
isolated  tracts  of  land  is  shown  by  the  fact  that  Gull  Island,  a 
small  tract  of  lake  bottom  exposed,  near  Port  Austin  lighthouse, 
by  the  late  subsidence  of  the  lake  level,  is  covered  with  plants  whose 
seeds  are  known  to  be  disseminated  by  wind,  only  two  species  of  a 
score  or  more  noted,  at  the  time  of  the  writer's  visit  there,  not  being 
of  this  type. 

The  examination  of  the  flora  of  Huron  county  made  by  the  writer 
indicates  climatic  conditions  which  make  possible  the  raising  of 
nearly  all  the  fruits  which  can  be  grown  in  the  state,  and  the  soil 
in  many  parts  of  the  county  is  undoubtedly  suitable  for  profitably 
raising  all  kinds  of  small  fruits.  Because  of  the  northern  location 
the  ripening  of  these  fruits  is  delated  beyond  the  season  in  the  more 
southern  counties  and  there  should  be  a  good  demand  for  these  late 
ripened  fruits  in  the  large  cities.  During  the  summer  of  1896  there 
was  a  very  large  crop  of  fruits  of  all  kinds  in  the  older  parts  of  the 
county  and  fruit  trees  of  all  sorts  were  thrifty  and  seemed  unusually 
free  from  insect  or  plant  parasites.  The  chief  difficulties  in  the 
way  of  growing  the  more  perishable  fruits  seem  to  be  remoteness 
from  markets  and  lack  of  cheap  transportation,  the  latter  especially. 

§  2.    List  of  plants. 

The  nomenclature  of  the  list  here  presented  is  that  of  Gray's 
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manual,  Gth  edition,  following  for  ease  of  comparison  and  the  sake 
of  those  most  likely  to  wish  to  use  it,  the  order  as  given  in  Beal  and 
Wheeler's  Michigan  Flora.  From  the  fact  also  that  Gray's  Manual 
of  Botany  is  still  and  must  be  for  some  time  to  come  the  most  ac- 
cessible work  on  systematic  botany  for  students  in  the  region 
covered  by  this  list,  this  has  seemed  to  be  the  wisest  course  to  pursue 
in  a  list  of  this  character.* 

In  conclusion  the  writer  wishes  to  acknowledge  the  kindness  of 
Prof.  Charles  F.  Wheeler  of  the  Michigan  Rliito  Agricultural  College, 
who  has  verified  all  doubtful  determinations  of  simm  i.-s  and  rendered 
other  valuable  aid. 
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1.  Anemone   cylindrica.    Gray.   Longfruited   anemone.    Sandy   pasture   on  the 

Lake  shore  west  of  Port  Austin. 

2.  Anemone    Pennsylvanica,    L.   Pennsylvania    anemone.    Low    ground  along 

streams. 

3.  Ranunculus  sceleratus,  L.   Cursed  crowfoot.    Near  a  spring  2  miles  west  of 

Grindstone  City. 

4.  Nymphsea  reniformis,  DC.   Pond-lily.      Tuber-bearing  water-lily.  Pinnebog 

River  in  Hume  township. 

5.  Nuphar    advena.      Alton,    f.      Yellow    Pond-lily.    Cow    Lily.  ■  Common  in 

streams. 

6.  Adlumia  cirrhosa.   Raf.   Climbing  Fumitory,  Mountain  Fringe.   At  the  quar- 

ries. Grindstone  City,  on  refuse  piles.  Also  in  talus  of  cliffs  three  miles 
west  of  that  place. 

7.  Arabis  lyrata.  L.   Common  on  the  sand  dunes  along  the  lake. 

8.  Erysimum   cheiranthoides,   L.   Worm-seed  mustard.   Near  Port  Austin  on 

dunes. 

9.  Cakile  Americana.  Nutt.   American  Sea  Rocket.    Sand  dune  line  nearest  the 

lake.  Not  observed  back  of  the  outer  row  of  dunes,  and  usually  on  the 
side  facing  the  lake. 

10.  Saponaria  officinalis.   L.   Bouncing   Bet,    Soapwort.   Roadsides   about  Port 

Austin. 

11.  Silene  antirrhina,  L.   Sleepy  Catchfly.    Sand  dunes  west  of  Port  Crescent. 

12.  Silene  noctiflora,  L.   Night  flowering  Catch-fly.   Port  Austin. 

13.  Lychnis  Coronaria,  L,    Mullein  Pink.    Waste  places.  Port  Austin. 

14.  Arenaria  serpyllifolia,  L.   Thyme-leaved  sandwort.   Near  Port  Austin  in  bar- 

ren sands. 

15.  Hypericum  perforatum,  L.    Common  St.  John's  Wort.   Dry  soil  by  roadsides 

near  Port  Austin. 

16.  Hypericum  Canadense,  L.,  var.  majus,  Gray.    Crevices  in  the  rocks  on  the 

lake  shore  near  Port  Austin. 

17.  Malva  moschata,  L.   Musk-Mallow.   Roadsides,  frequent. 

18.  Malva  sylvestris,  L.   High  Mallow.   Port  Austin. 

19.  Malva  rotundifolia,  L.   Common  Mallow.    Roadsides  and  waste  places. 

20.  Tilia  Americana.  L.    Basswood.  Linden.   Woods  near  Port  Austin. 

21.  Geranium  Robertianum,  L.   Herb-Robert.   Along  the  Beach  near  Grindstone, 

also  in  rocky  soil  inland. 

22.  Impatiens  fulva,  Nutt,   Spotted  Touch-me-not,  Jewel-weed.   Low  grounds. 

23.  Oxalis  corniculata,  L.,  var,  stricta,  Say.   Yellow  oxalis.   Wood-sorrel.  Com- 

mon. 

24.  Xanthoxylum  Americanum,  Mill,   Prickly  Ash,   Common  in  moist  soils, 

25.  Vitis    riparia,    Michx.   Wild    or    Fox-grape.   Frost    grape.   Common  along 

streams. 

26.  Ampelopsis  quinquefolia,  Michx.   Woodbine,  Virginian  Creeper.   Woods,  Com- 

27.  Acer  saccharinum,  Wang.   Hard  maple,  Sugar  or  rock-maple. 

28.  Acer   dasycarpum,    Ehrh.   White   Maple,    Soft   Maple,   Low   ground  along 

streams. 

29.  Acer  rubrum,  L.   Red  Maple.  Soft  Maple.   Moist  woods. 


*A  few  unimportant  divergencies  from  the  order  of  Beal  and  W'heeler's  flora 
noted  in  proof  reading  have  not  been  corrected.  Thus  the  following  numbers 
should  change  places;  17  and  19,  48  and  49,  54  and  55,  224  and  225,  267  and  268,  281  and 
282,  309  and  310.  No.  30  should  come  before  35,  181  before  179,  183  after  185  and  there 
are  no  entries  139  and  264,  L, 
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30.  Trifolium  pratense.  L.    Red  Clover.   Roadsides  and  fields. 

31.  Rhus  typhina,  L.   Staghorn  Sumach.  Common. 

32.  Rhus  copallina.  L.   Dwarf  Sumach.   Sand  dunes. 

33.  Rhus  Toxicodendron,  L.   Poison  I\->-.  Poison  Oak.    Common  In  rocky  places, 

and  in  the  moist  places  among  sand  dunes. 

34.  Rhus  venenata,   DC.   Poison  Sumach  or  Dogwood.   In  swamp  about  Mud 

Lake,  Grant  township. 

35.  Trifolium  repens.  L.   White  Clover.   Pastures,  etc.,  common. 

36.  Melilotus  alba,  Lam.    Sweet  Clover.   Waste  places.  Port  Austin. 

37.  Robinia  Pseudacacia.  L.   Locust.   Port  Austin.  Huron  City,  Etc. 

38.  Desmodium  Canadense.  DC.  Tick-Trefoil.  North  Charity  Island. 
3$.   Lespedeza  capitata.  Michx.   Bush  Clover.   North  Charity  Island. 

40.  Lathyrus  maritimus.  Bigelow.   Beach  pea.    Beach  at  Port  Austin. 

41.  Prunus  Americana,  Marshall.   Wild  Plum.    Hume  township,  along  streams. 

42.  Prunus  pumila,  L.   Dwarf  Cherry.  Sand  Cherry.   Abundant  on  the  dunes 

west  of  Port  Crescent. 

43.  Prunus  Pennsylvanica.  L.   Wild  Red  Cherry.  Common. 

44.  Prunus  Virginiana,  L.   Choke  Cherry.   Common  on  the  sand  dunes  west  of 

Port  Crescent. 

45.  Spirea  salicifolia.  L.   Meadow  Sweet.   Low  grounds,  common. 

46.  Rubus  strigosus,  Michx.   Wild  Red  Raspberry.  Common. 

47.  Rubus  villosus,  Alton.   High  Blackberry.  Common. 

48.  Rubus  hispidus,  L.    Running  Swamp  Blackberry.   Common  on  the  sand  dunes. 

49.  Rubus  Canadensis,  L.   Running  Blackberry.   Dewberry.   Rocky  places. 

50.  Fragaria  Virginiana.  Mill.   Strawberry.  Common. 

51.  Fragaria  vesca.  L.    Strawberry.   Woods  common. 

52.  Potentilla  Norvegica.  L.   Port  Austin. 

53.  Potentilla  argentea.  L.   Silvery  Cinquefoil.  Roadsides. 

54.  Potentilla  Anserina,  L.   In  an  abandoned  quarry  near  the  lake  at  Grindstone 

City.   Also  near  the  lake  at  Sand  Beach.  Bayport. 

55.  Potentilla  palustris.  Scop.    Marsh  Five-Finger.    In  a  bog  on  Sec.  11,  Chand- 

ler township. 

56.  Rosa  blanda.  Alton.  Sweet  Wild  Rose.   Growing  in  the  sand  and  nearly  buried 

in  it  at  Hat  Point. 

57.  Rosa  Carolina.  L.    Swamp  Rose.   Swamps.  Common. 

58.  Rosa  rubiginosa.  L.    Sweet  brier.   Roadside  near  Port  Austin. 

59.  Pyrus  arbutifolia.  L.   f.  var.  melanocarpa.  Hook.    Choke-cherry.  Abundant 

on  N.  Charity  Island. 

60.  Crataegus  punctata,  Jaco..   Thorn-apple.   Hawthorn.   Drv  fields  and  woods, 

Port  Austin. 

61.  Amelanchier  Canadensis,  Torr.  and  Gray.   Shad-bush.   June-berry.  Service- 

berry.    Stream  banks. 

62.  Amelanchier  Canadensis,  Torr.  and  Gray.   Var.  rotundifolia,  T.  &  G.  Sand 

dunes. 

63.  -Amelanchier  Canadensis.  Torr.  and  Gray.   Var.    (?)  oblongifolia,   T.   &  G. 

Common  on  sand  dunes. 

64.  Ribes  Cynosbati.  L.   Prickly  Gooseberry.    Dry  open  ground  along  the  lake. 

Port  Austin.  ' 

65.  Myriophyllum  heterophyllum.  Michx.    Pinnebog  River,  Port  Crescent. 

66.  Callitriche  verna.  L.   Water  Starwort.   Dry  bed  of  branch  of  Pinnebog  River, 

Hume  Township. 

67.  Epilobium  spicatum.  Lam.    Great  Willow-herb.    Fire  weed.    Common  on  all 

sandy  land  following  fires. 

68.  Epilobium  lineare.  Muhl.    Bog  in  Chandler  Township. 

69.  Epilobium  coloratum.  Muhl.    Port  Austin. 

70.  CEnothera  biennis,  L.   Evening  Primrose.  Common. 

71.  Circsea  lutetiana,  L.   Common  in  woods. 

72.  Circsea  alpena.  L.   Common  in  low  woods. 

73.  Pimpinella  integerrima.  Benth  and  Hook.   Dry  rockj-  soil.   Port  Austin  Town- 

ship. 

74.  Cicuta  maculata,  L.    Spotted  Cowbane.    Beaver  Poison.    Musquash  Root. 

Low  grounds,  common.    Tuberous  roots  very  poisonous. 

75.  Cicuta  bulbifera,  L.    Bog  in  Chandler  Township. 

76.  Hydrocotyle  Americana,  L.    Water  Pennywort.    Moist  woods.  Port  Austin. 

77.  Aralia  racemosa,  L.    Spikenard.    Rich  woods,  Dwight  Township. 

78.  Aralia   hispida,    Ventenat.   Bristly   Sarsaparilla.   Wild    Elder.    Sand  dunes. 

Port  Austin. 

79.  Aralia  nudicaulis,  L.   Wild  Sarsaparilla.   Rich  woods.   Meade  Township. 

80.  Aralia  trifolia,  Decsne  &  Planch.    Groundnut.   Dwarf  Ginseng. 

81.  Cornus  Canadensis.  L.    Bunch-berry.   Most  woods  near  Port  Austin. 

82.  Cornus  circinata,  L'Her.    Round-leaved  Dogwood.    Lake  shore  at  Hat  Point. 

83.  Cornus  stolonifera,  Michx.    Red-osier  Dogwood.    Low  ground  along  streams. 

Port  Austin. 

84.  Cornus  Baileyi,  Coulter  &  Evans.  Very  common  along  the  lake  on  sand  dunes. 

Also  at  Bay  Port. 

85.  Cornus  alternifolia,  L.   f.   Near  Port  Austin,  in  rich  woods. 

86.  Sambucus  Canadensis,  L.    Common  Elder.  Roadsides. 

87.  Sambucus  racemosa,  L.    Red  Berried  Elder.   Dry  woods. 

88.  Viburnum  acerifolium.  L.    Arrow  wood.    Woods,  frequent  about  Port  Austin. 

89.  Cephalanthus  occidentalis,  L.    Button-bush.    Found  growing  just  back  of  the 

beach  a  short  distance  west  of  Port  Austin,  in  comparatively  dry,  light 
soil.   Inland  in  river  bottoms,  etc. 

90.  Galium  pilosum.  Ait.     Sand  dunes  east  of  Port  Austin. 
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91.  Galium  circaezans,  Michx.    Wild  Liquorice.    Dry  woods. 

92.  Galium  boreale,  L.     Northern  bedstraw.    At  Point  aux  Barques. 

93.  Eupatorium  purpureum,  L.     Joe  Pye  weed.    Trumpet  Weed.    Along  streams 

and  swamps,  common. 

94.  Eupatorium  perfoliatum,  L.    Thoroughwort.    Boneset.    Low  grounds.  Com- 

mon. 

95.  Eupatorium  ageratoides,  L.   White  snake-root.   Valley  of  the  Plnnebog  River, 

west  of  Port  Crescent. 

96.  Liatris   cylindracea,    Michx.     Blazing   Star.     Sand   dunes.     West   of  Port 

Crescent  where  it  is  common. 

97.  Solidago  caesia,  L.   Golden-rod.  Common. 

98.  Solidago  latifolia,  L.   Golden-rod.   Rich  woods  in  central  part  of  county. 

99.  Solidago  bicolor,  L.   Var.  concolor.   Torr.  &  Gray.   Sand  dunes. 

100.  Solidago  juncea,  Ait.   Dry  fields  and  pastures  near  Port  Austin. 

101.  Solidago  serotina,  Ait.     Low  grounds,  borders  of  woods  in  center  of  county. 

Port  Austin. 

102.  Solidago  Canadensis,  L.    Borders  of  fields,  etc.,  common. 

103.  Solidago  nemoralis.  Ait.   Sand  dunes  west  of  Port  Crescent. 

104.  Aster  macrophyllus,  L.   Wild  aster.   Dry  woods.  Common. 

105.  Aster  Novse-Anglige,  L.   A  single  plant  found  on  north  Charity  Island.  (Com- 

mon along  Saginaw  River  in  Saginaw  and  Bay  counties.) 

106.  Aster  Isevis.  L.    Along  the  older  sand  dunes. 

107.  Aster  junceus.  Ait.   Bog  on  North  Charity  Island. 

lOS.   Aster  puniceus,'  L.     Low  grounds  throughout  the  county. 

109.  Erigeron  Canadensis,  L.    Horse  weed.    Bitter  weed.    Waste  places  and  cul- 

tivated ground. 

110.  Erigeron  strigosus.  Muhl.   Daisy  Fleabane.   Port  Austin. 

111.  Erigeron  Philadelphicus,  L.    Common  Fleabane.    Common  about  Port  Austin. 

112.  Ambrosia  Artemisisefolia,  L.    Ragweed.    Roman  wormwood.    Waste  places 

and  roadsides. 

113.  Xanthium  Canadense,  Mill.   Cocklebur.   Clotbur.   Along  streams  and  ditches. 

114.  Rudbeckia  hirta,  L.    Cone-flower.    Fields,  not  common,  about  Port  Austin. 

115.  Anthemis  Cotula.  DC.    May-weed.    Dog-fennel.    Roadsides  and  waste  places. 

116.  Achillea  Millefolium,  L.    Yarrow.    Grassy  places,  common. 

117.  Chrysanthemum   Balsamita,    L.   "Var.    tanacetoides.   Boiss.    Mint  Geranium. 

By  the  roadside  near  Port  Austin. 

118.  Tanacetum  vulgare,  L.    Common  tansy.    Growing  in  drifting  sand  near  Port 

Crescent,  also  by  the  roadside  at  other  points. 

119.  Artemisia  caudata.  Michx.    Common  on  the  sand  dunes  along  the  lake. 

120.  Artemisia  Absinthium,  L.    Common  wormwood.    Roadside  near  Port  Austin. 

121.  Artemisia  Stelleriana,  Bess.    This  plant  is  well  established  in  the  sand  of  a 

roadside  dune  between  Port  Austin  and  Port  Crescent  where  it  covers  a 
large  space.  It  is  also  abundant  in  the  barren  sand  near  Huron  City,  and 
a  large  tuft  of  the  plant  grows  in  the  sand  just  back  of  the  storm  wave 
line  near  the  old  Carrington  Salt  Blocks  at  Port  Austin.  Prof.  Wheeler 
of  the  Agricultural  College  informs  the  writer  that  it  has  not  been 
previously  reported  as  growing  wild  in  the  state. 

122.  Erechtites  hieracifolia,  Raf.    Fireweed.    Common  in  clearings  and  burned 

places  in  the  woods. 

123.  Arctium  Lappa,  L.    Burdock.    Waste  places,  Port  Austin. 

124.  Cnicus  lanceolatus.  Hoffm.    Common  thistle.    Roadside  and  pastures. 

125.  Cnicus  Pitcheri,  Torr.    Shore  of  the  Lake,  near  Hat  Point.    Abundant  at 

North  Charity  Island,  not  seen  back  of  the  crest  on  the  first  dune  line. 

126.  Cnicus  arvensis,  Hoffm.    Canada  thistle.    The  northern  part  of  the  county 

is  very  badly  infected  with  this  pest,  which  seems  to  have  taken  possession 
of  many  fields  and  a  large  number  of  grain  fields  seemed  to  show  more 
thistles  than  grain..  The  Canada  Thistle  Law  should  be  enforced  here. 

127.  Hieracium  Canadense,  Michx.   Hawkweed.   Shaded  banks  about  Port  Austin. 

128.  Hieracium  venosum,  L.   Rattle  snake  weed.    Sand  dunes  from  Port  Austin 

westward. 

129.  Lobelia  cardinalls,  L.   Cardinal  Flower.   River  banks  and  streams. 

130.  Campanula  rotundifolia,  L.    Harebell.    Rocks  and  dunes  near  Port  Austin. 

131.  Campanula  aparinoides,    Pursh.     Marsh    Bellflower.    Common    in  grassy 

swamps. 

132.  Gaylussacia  resinosa,   Torr.   and   Gray.   Black  J^uckleberry.   Along  woods. 

Very  common  on  the  sand  dunes. 

133.  Vaccinium  Pennsylvanicum,  Lam.    Huckleberry.    Low  Blueberry.  Abundant 

on  the  sand  dunes  and  in  dry  soil  generally. 

134.  Vaccinium  vacillans,  Solander.   Low  Blueberry.   Sand  dunes  west  of  Port 

Crescent. 

1.35.   Vaccinium  Corymbosum,  L.   Swamp  or  High  bush  Blueberry.    Swamp  and 
marshes  about  Rush  Lake. 

136.  Vaccinium  macrocarpon.   Ait.   Cranberry.   Near  Hat  Point,   and  at  North 

Charity  Island. 

137.  Arctostaphylos  Uva-ursi,   Spreng.   Bearberry.   On  the  sand  dunes  west  of 

Port  Crescent. 

138.  Epigsea   repens,   L.    Trailing  Arbutus.    Sand  dunes   under  pines   near  Port 

Austin. 

140.  Cassandra  calyculata,  Dan.   Leather-Leaf.   Bog  in  Chandler  Township. 

141.  Chimaphila  umbellata,  Nutt.    Pipsissewa.    Prince's  Pine.    Port  Austin  near 

Broken  Rocks. 

142.  Pyrola  elliptica,  Nutt.   Shin-leaf.   Pine  woods.   Port  Austin. 

143.  Trientalis  Americana,  Pursh.    Star-flower.    Rich  woods  near  Port  Austin. 

144.  Steironema  ciliatum,  Raf.    Low  grounds  along  streams.  S. 
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Ho.   Samolus  Valerandi.   L.    Var.   Americanus.   Gray.   Water  Pimpernel.  Brook 
weed.    Bank  of  Pinnebog  River.    Hume  Township 

146.  Fraxinus  sambucifolia.  Lam.    Black  Ash.   Swamps  in  central  part  of  countv. 

147.  Apocynum  androsgemifolium.  L.    Spreading  Dogbane.    Near  Port  Austin. 

148.  Apocynum  cannabinum,  L.    Indian  Hemp.   Stream  banks  near  Port  Austin. 

149.  Asclepias    tuberosa,    L.    Butter-fly    weed.   Pleurisv-root.    Sand    dunes  near 

Port  Austin. 

150.  Asclepias  incarnata.  L.    Swamp  milkweed.    Swampy  margins  of  streams. 

151.  Asclepias  Cornuti,  Decaisne.   Common  milkweed  or  silkweed.   Roadsides  and 

fields.  Grows  in  bare  sand  in  some  places  and  serves  to  help  keep  it  from 
drifting. 

152.  Menyanthes  trifoliata.  L.   Buckbean.   Bog  in  Chandler  Township. 

133.   Cynoglossum  officinale.  L.    Hound's-tongue.    Roadsides  near  Port  Austin. 

154.  Echinospermum  Lappula,  Lehm.   Waste  places.    Port  Austin. 

155.  Lithospermum  hirtum,  Lehm.   Puccoon.   Sand  dunes  near  Port  Austin. 

156.  Convolvulus    sepium,    L.    Hedge.    Bind    weed.    Wild    Morning    Glory.  Low 

grounds  ^ong  the  Pinnebog  River.    Hume  Township. 

157.  Cuscuta  Gronovii.  Willd.   Dodder.   Parasite  on  various  plants,  valley  of  the 

Pinnebog  River. 

158.  Solanum  nigrum,  L.    Common  Nightshade.   Waste  places.  Port  Austin. 

1-59.   Verbascum  Thapsus,   L.     Mullein.     Sterile  soil,   especially  where  fire  has 
burned  the  other  vegetation  off  within  a  few  years. 

160.  Linaria  Canadensis,  Dumont.   Sand  dunes  west  of  Port  Crescent. 

161.  Linaria  vulgaris.  Mill.    Butter  and  Eggs.    Roadside,  Bay  Port. 

162.  Chelone  glabra,  L.    Snake  head.   Banks  of  streams. 

163.  Mimulus  ringens,  L.   Monkey-flower.   Damp,  open  ground  about  Port  Austin. 

164.  Veronica  Americana,  Schweinitz.    American  Brooklime.    Brooks  near  Port 

Austin. 

163.   Gerardia  pedicularia,  L.   Dry.  sandy  woods.   North  Charity  Island. 

166.  Gerardia  quercifolla,  Pursh,  Smooth  False  Foxglove.   Dry  sandy  woods.  North 

Charity  Island. 

167.  Gerardia  purpurea.  L.   Var.  paupercula.  Gray.   Purple  Gerardia.   Very  com- 

mon on  the  shore  near  the  hotel.  Bayport.    Also  at  Charity  Island. 

168.  Utricularia  intermedia,  Hayne.    Holes  in  the  bog.  Chandler  Township. 

169.  Utricularia  cornuta,  Michx.    Bladderwort.    In  shallow  pool  left  by  the  re- 

treat of  the  lake,  on  the  beach  just  east  of  Port  Austin.  A  small  flowered 
stunted  form  of  the  species,  common  at  Bayport  on  the  flats  along  the 
Bay  shore. 

170.  Verbena  urticcefolia,  L.    White  Vervain.   Port  Austin. 

171.  Verbena  hastata.  L.    Blue  Vervain.    Low  grounds,  common. 

172.  Mentha  piperita,  L.    Peppermint.    Roadside  near  Port  Austin. 

173.  Mentha  Canadensis,  L.    Wild  Mint.    Low  grounds  and  along  streams. 

174.  Calamintha  clinopodium,   Benth.   Basil.   Dry  banks  and  dunes  about  Port 

Austin. 

175.  Monarda  fistulosa.  L.   Wild  Bergamot.   Sandy  fields  near  the  dunes.  Port 

Austin. 

176.  Nepeta  Cataria,  L.   Catnip.    Waste  places.   Port  Austin. 

177.  Scutellaria  lateriflora,  L.   Low  grounds.   Pinnebog  River,  etc. 

178.  Scutellaria  galericulata,  L.    Skullcap.   Bog  in  Chandler  Township. 

179.  Marrubium  vulgare,  L.   Horehound.   Roadside  near  Port  Austin. 

150.  Leonurus  Cardiaca,  L.    Motherwort.    Waste  places.    Port  Austin. 

151.  Brunella  vulgaris,  L.    Self-heal.    Woods  and  thickets. 

152.  Amarantus  albus,  L.    Tumble  weed.    Growing  in  the  sand  at  Port  Austin 

and  Port  Crescent. 

183.  Chenopodium    Botiys.    L.    Jerusalem    Oak.    Feather.    Geranium.  Ambrosia. 

Growing  abundantly  in  the  dune  sand  at  Port  Austin  and  about  the  old 
salt  block  at  Port  Crescent. 

184.  Chenopodium  album,  L.   Pigweed.    Common  in  waste  places  and  cultivated 

ground. 

185.  Chenopodium  capitatum,  Watson.   Strawberry  Elite.   Occasional  in  woods. 

186.  Rumex  crispus,  L.  Curled  Dock.  Yellow  Dock.  Too  common. 
1S7.    Rumex  obtusifolius.  L.    Bitter  Dock.    Common  in  waste  places. 

188.  Rumex  Acetosella,  L.    Field  or  sheep  sorrel.  Common. 

189.  Polygonum  aviculare,  L.    Knotweet.  Common. 

190.  Polygonum  erectum,  L.    Common  along  roadsides. 

191.  Polygonum  orienlale,  L.   Prince's  Feather.   Port  Austin. 

192.  Polygonum  Persicaria,  L.    Lady's  Thumb.    Gull  Island,  Lake  Huron.  Also 

'in  wet  places. 

193.  Polygonum  cilinode,  Michx.    Bindweed.    Waste  heaps  about  the  quarries  at 

Grindstone  City.    Rocky  places  west  of  Port  Austin. 

194.  Polygonella  articulata,  Meisn.   Abundant  on  the  outer  row  of  sand  dunes. 
195    Saururus  cernuus,  L.    Lizard's-tail.    Pinnebog  River.    Hume  Township. 

196.  Shepherdia  Canadensis.  Nutt.    Point  Aux  Barques  on  sandstone  rocks  over- 

hanging the  lake.    Also  on  sand  dunes  west  of  Port  Crescent. 

197.  Comandra  umbellata,  Nutt.    Dry  woods  near  Port  Austin. 

198.  Euphorbia  Cvparissias,  L.   At  Bayport,  where  it  covers  considerable  area. 

Also  at  Port  Austin  and  Huron  City  in  sand. 

199.  Ulmus  Americana,  L.    White,  or  American  Elm.    Low  grounds,  common. 

200.  Humulus  Lupulus,  L.   Common  Hop.   Near  Port  Austin. 

201.  Betula  lutea,  Michx.  f.   Yellow  Birch.   Common  in  low  woods. 

202    Betula  papyrifera,  Marshall.   Paper  or  Canoe  Birch.    White  Birch.  Common 
•'03    Alnus  incana,  Willd.    Speckled  or  Hoary  Alder.    Borders  of  streams. 
204.   Quercus  alba,  L.   White  Oak.   Sand  dunes  at  Port  Austm. 
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205.  Quercus  rubra,  I>.   Red  Oak.    Common  on  the  sand  dunes,  wbere  it  is  some- 

times a  large  tree,  but  not  usually.  Evidently  the  large  specimens  have 
been  cut  for  timber. 

206.  Quercus  coccinea,  Wang.   Scarlet  Oak.   The  most  abundant  species  of  oak 

in  the  dunes. 

207.  Fagus  ferruginea.  Ait.    Beech.    Common  throughout  the  county  on  heavier 

soils. 

Salix.   Several  species  of  "Willows  are  common  but  were  not  found  in  favor- 
able condition  for  study. 

208.  Populus  alba,  L.   White  Poplar.    Port  Austin. 

209.  Populus  tremuloides,  Michx.    American  Aspen.    Quaking  asp.    Common  in 

the  east  half  of  the  county. 

210.  Populus  grandidentata.  Michx.   Large-toothed  Aspen.  Common. 

211.  Populus  balsamifera.  L.    Balsam  Poplar.    Perhaps  the  most  abundant  species 

in  the  districts  most  affected  by  the  great  fires. 

212.  Populus  monilifera.  Ait.    Cottonwood.  Occasional. 

213.  Vallisneria  spiralis.  Tape  Grass.    Eel  Grass.   Mouths  of  Pinnebog  and  Pigeon 

Rivers. 

214.  Calopogon  pulchellus,  R.  Br.   Marsh  at  Rush  Lake. 

215.  Iris  versicolor,  L.    Blue  Flag.    Low  grounds.  Common. 

216.  Smilax  hispida,  Muhl.   Port  Austin. 

217.  Smilacina  stellata,  Desf.   False  Solomon's  Seal.   Common  on  sand  dunes  west 

of  Port  Crescent. 

218.  Juncus  effusus,  L.    Soft  Rush.    Common  in  low  ground. 

219.  Juncus  Balticus,  Dethard.   Var.  littoralis.  Engelm.   Very  common  in  the  beach 

sand  at  Port  Austin  where  it  forms  large  masses  in  the  sand  for  several 
hundred  feet  back  from  the  shore,  especially  up  the  creek  valley. 

220.  Juncus  bufonius,  L.    Forming  extensive  tracts  on  the  marshy  area  left  by  the 

fall  of  the  waters  of  the  lake  during  the  past  few  years. 

221.  Juncus  alpinus,  Villars,  Var.  insignis.  Fries.    Abundant  in  the  creek  valley 

at  Port  Austin,  also  not  uncommon  along  the  Lake  shore. 

222.  Juncus  nodosus,  L.    Common  with  the  last  species. 

223.  Juncus  Canadensis,  J.  Gay.    Same  habitat  as  the  last  species. 

224.  Juncus  Canadensis,  J.  Gay.  Var..  coarctatus  Engelm.    Port  Austin. 

225.  Juncus  Canadensis,  J.  Gay.   Var.  brachycephalus,  Engelm.    Port  Austin. 

226.  Luzula  vernalis,  DC.   Wood-rush.    Common  in  moist  woods. 

227.  Typha  latifolia,  L.    Cat-tail  Flag.    Rush  Lake.    Marsh  in  Chandler  Town- 

ship. 

228.  Sparganium  eurycarpum,  Engelm.   Burr-reed.   Pinnebog  River. 

229.  Alisma  Plantago,  L.    Water  Plantain.    Common  in  streams. 

230.  Sagittaria  variabilis,  Engelm.    Stream  borders. 

231.  Triglochin  paluslre,  L.   Arrow-Grass.    Marshy  border  of  Lake  Huron.  Port 

Austin. 

232.  Potamogeton  natans.  L.   Pondweed.   Terrestrial  forms  of  this  species  noted 

on  shore  of  partly  dried  up  lake  in  Chandler  Township  and  in  bottom  of 
dried  up  pond  on  Charity  Island. 

233.  Potamogeton  heterophyllus,  Schreb.    Small  form  in  shallow  pools  above  low 

water  mark,  on  beach  east  of  Port  Huron. 
2.34.  Potamogeton  heterophyllus,  Schreb.  Forma  longipedunculatus  (Merat) 
Morong.  This  form  was  collected  in  water  nearly  four  feet  deep  off  the 
beach  at  Point  of  Pines  Hotel,  Port  Austin.  The  root  stocks  of  the  plants 
grow  in  crevices  in  the  rocks,  and  the  plants  thrive  in  spite  of  the  violent 
surf  which  frequently  breaks  on  this  shore. 

235.  Potamogeton  pauciflorus,  Pursh.   Var.  Niagarensis,  Gray.    Pinnebog  River. 

236.  Potamogeton  pectinatus,  L.   Pigeon  River,  Caseville. 

237.  Potamogeton  marinus,  L.   Shallow  water,  less  than  one  foot  deep  on  beach 

between  Port  Austin  and  Port  Crescent.  Also  at  North  Charity  Island  in 
water  six  inches  deep,  abundant  at  both  localities. 

238.  Naias  flexilis.  Rostk  and  Schmidt.    Willow  River,  Huron  Township. 

239.  Cyperus  diandrus,  Torr.   Var.  castaneus,  Torr.   Very  common  along  the  lake 

shore,  and  along  margins  of  streams. 

240.  Cyperus  Houghtonii,  Torr.    Abundant  on  the  sand  dunes  west  of  Port  Cres- 

cent, where  it  grows  in  the  purest  sand,  often  in  the  wagon  tracks  across 
the  dunes. 

241.  Cyperus  strigosus,  L.    Common  in  marshy  places  along  the  lake  at  Port 

Austin. 

242.  Dulichium  spathaceum,  Pers.    Rush  Lake. 

243.  Eleocharis  ovata.  R.  Br.    Common  along  the  shore  of  the  lake. 

244.  Eleocharis  olivacea,  Torr.    Lake  shore. 

245.  Eleocharis   palustris,    R.    Br.   Var.    glaucescens.     Gray.     Common   in  wet 

places. 

246.  Eleocharis  acicularis,  R.  Br.  Spike-rush.   Very  abundant  along  the  lake  shore. 

247.  Eleocharis  pauciflora.  Link.   Forming  large  masses  on  the  marshy  belt  left 

by  the  retreat  of  the  lake  near  Port  Austin.  Bayport. 

248.  Scirpus  pungens,  Vahl.   Growing  in  moist  sand  for  several  hundred  feet  away 

from  water  at  Port  Austin  Harbor.  Bayport. 

249.  Scirpus  lacustris,  L.   Common,  especially  at  Rush  Lake,  where  it  forms  large 

masses. 

250.  Scirpus  atrovirens,  Muhl.    Damp  soil,  common.    Very  abundant  near  the  R. 

R.  station,  Port  Austin.  Bayport. 

251.  Cladium    mariscoides,    Torr.   Twig-rush.  Marsh  about  pond  on  North  Charity 

Island. 

252.  Carex  lupulina,  Muhl.   Common  along  ditches,  etc. 
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253.  Carex  filiformis.  L.   Bog  In  Chandler  Township. 

254.  Carex  flava.  L.   Var.  viridula,  Bailey.   Abundant  at  Bayport  and  Charity 

Islands  in  the  marshy  tract  left  by  retreat  of  lake.  Less  common  at  Port 
Austin.    At  North  Charity  Island,  some  plants  were  IS  inches  high. 

255.  Carex  rinaria,  W.    Curtis.    River  banks. 

256.  Carex  eburnea,  Boott.   Crevices  in  sandstone  bluff  overhanging  the  lake. 

257.  Carex  Pennsylvanica,  Lam.    Common  throughout. 

258.  Carex  communis,  Bailey.    Port  Austin  Township,  near  Grindstone  City. 

259.  Carex  stipata.  Muhl.    Common  in  low  places. 

260.  Carex  vulpinoidea,  Michx.    Meadows,  common. 

261.  Carex  Muhlenbergii,  Schb.   Dry  soil  on  the  bluffs.    Point  aux  Barques. 

262.  Carex  tribuloides,  Wahl.   Common  in  low  grounds. 

26.3.   Carex  tribuloides,  Wahl.   var.  cristata.  Bailey.    Swales,  common. 

265.  Spartina  cynosuroides,  Willd.   Marsh  or  cord  grass.   Sand  dunes. 

266.  Panicum  sanguinale,  L.    Crab  or  Finger  Grass.    At  Port  Crescent  in  drifting 

sand  where  it  was  getting  a  foothold  and  may  help  hold  the  sand  in  place. 

267.  Panicum  virgatum,  L.    Charity  Islands  on  sand  soil. 
26S.   Panicum  capillare,  L,    Old  Witch-Grass.  Common. 

269.  Panicum  dichotomum,  L.   Sand  dunes  west  of  Port  Crescent. 

270.  Setaria  viridis,  Beauv.    Green  Foxtail.    In  loose  sand  at  Port  Crescent,  with 

Panicum  sanguinale. 

271.  Zizania  aquatica,   L.   Indian  Rice.   Water  oats.   Wild  rice.    Marshy  places 

along  the  lake  shore,  usually  small  in  such  locations.  Off  Bayport.  however, 
it  grows  in  shallow  water  to  the  height  of  several  feet,  covering  large 
tracts,  and  undoubtedly  acting  as  art  important  factor  in  the  filling  up  of 
the  portions  of  the  Bay  in  which  it  grows,  by  decreasing  wave  and  current 
motion  of  the  water,  hence  hastening  deposit. 

272.  Andropogon  furcatus,  Muhl.    North  Charity  Island. 

273.  Oryzopsis  asperifolia,  Michx.   Sides  of  older  dunes  about  Port  Austin. 

274.  Oryzopsis  Canadensis,  Torr.   Sand  dunes,  where  it  is  common. 

2i5.  Phleum  pratense,  L.  Timothy.  Herd's  Grass,  common.  Extensive  crops 
of  this  grass  may  be  raised  in  the  swampy  tracts  south  and  east  of  Bad- 
axe  when  they  are  cleared  and  drained. 

276.  Agrostis  scabra,  Willd.   Hair-grass.   Dry  pastures  in  Huron  Township. 

277.  Calamagrostis  longifolia,  Hook.    Sand  dunes  about  Port  Austin. 

278.  Ammophila  Arundinacea.  Host.    Sand  dunes  nearest  lake.  Common. 

279.  Deschampsia  flexuosa,  Trin.   Common  Hair-Grass.   Abundant  in  the  dunes 

of  Port  Austin. 

280.  Phragmites  Communis,  Trin.   Reed.   Border  of  dry  pond  in  Charity  Island. 

281.  Danthonia  spicata,  Beauv.    Wild  Oat-Grass.    Sand  dunes,  common." 

282.  Koeleria  cristata,  Pers.    Slopes  of  the  older  sand  dunes. 

253.  Eragrostis  reptans.  Nees.    Along  the  lake  shore  and  borders  of  streams. 

254.  Poa  compressa,  L.   Wire-Grass.   Blue-Grass.   The  top  of  the  bluffs  at  Point 

aux  Barques. 

28.5.   Poa  pratensis,  L    June  Grass.   With  the  last  and  common  everywhere. 
2^.   Festuca  tenella.  Willd.   Common  on  sand  dunes  and  on  the  drv  soil  at  Broken 
Rocks,  Port  Austin. 

287.  Festuca  ovina,  L.   Var.  pseudovina.  Hack.    Broken  Rocks  near  Port  Austin.  ? 

288.  Agropyrum  dasystachyum,  Vasey.   Common  on  the  sand  dunes. 

289.  Elymus  Virginicus,  L.  Wild  Rye.   Valley  of  Pinnebog  River,  Hume  Township. 

290.  Elymus  Canadensis.  L.    Growing  on  the  sand  dunes  nearest  the  lake  at  Port 

Austin.  Abundant. 

291.  Asprella  Hystrix,  Willd.   Bottle  Brush  Grass.   Woods  near  Port  Austin. 

292.  Plnus  Strobus.  L.    White  Pine.    Formerly  very  abundant  throughout  a  large 

portion  of  the  county,  mostly  confined  in  the  dunes  near  the  lake. 

293.  Pinus  Banksiana,  Lambert.    Jack  Pine.    Scrub  Pine.    Common  on  the  sand 

dunes.  Not  seen  east  of  Broken  Rocks,  Port  Austin.  West  of  Port  Cres- 
cent it  is  common  even  on  the  crest  of  the  dune  line  nearest  the  lake. 

294.  Pinus  resinosa,  Ait.    Norway  Pine.    Red  Pine.    Common  on  the  sand  dunes. 

295.  Picea  nigra,  Link.   Black  Spruce.   In  low  woods  west  of  Filion. 

296.  Larix  Americana,  Michx.    Black  Larch.    Tamarack.  Swamps  in  the  south- 

ern part  of  the  countv. 

297.  Tsuga  Canadensis.  Carriere.    Hemlock.    Banks  of  Willow  River  in  Huron 

Township. 

29S.  Abies  balsamea.  Miller.  Balsam  fir.  Balm-of-Gllead  Fir.  A  few  specimens 
about  a  boggy  place  on  the  dunes  east  of  Port  Crescent.  Swamp  just  west 
of  Port  Austin. 

299.  Thuya  occidentalis,  L.   Arbor  Vitae.   White  Cedar.   Wet  places  near  Port 

Crescent. 

300.  Equisetum  arvense,  L.    Horsetail.    Low  grounds,  common. 

501.  Equisetum  hyemale,  L.  Scouring-Rush.  Shave-Grass.  Sand  dunes  east  of 
Port  Austin. 

302.  Equisetum  variegatum.  Schleicher.    What  seems  to  be  this  species  was  not 

uncommon  in  the  sand  near  Port  Austin. 

303.  Polypodium  vulgare,  L.    Under  overhanging  rocks  along  the  Lake  shore. 

Point  aux  Barques,  etc. 

304.  Adiantum  pedatum,  L.    Maidenhair  fern.    Rich  woods. 

305.  Pteris  aquilina,   L.     Common  brake.     Very  common  in  northern  part  of 

county. 

306.  Phegopteris  polypodioides,  F6e.   Under  overhanging  rocks  of  old  shore  cliff, 

east  of  Point  aux  Barques. 

307.  Phegopteris  Dryopteris,  F6e.   With  the  last  species. 

308.  Onoclea  sensibilis,  L.   Sensitive  fern.Common  in  low  grounds. 
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309.  Osmunda  regalis,  L.    Flowering  Fern.    Deep  woods  in  the  middle  of  the 

county. 

310.  Woodsia  obtusa,  Terr.    Growing  abundantly  in  crevices  in  the  overhanging 

rocks  on  the  Lake  shore  near  Port  Austin. 

311.  Lycopodium  complanatum,  L.   Var.  Chamajcyparissus,  D.  C.   Eaton.  Com- 

mon on  the  sand  dunes,  east  of  Port  Crescent. 

312.  Selaginella  apus,  Spreng.   In  old  quarry  at  Grindstone  City. 

A  visit  of  a  day's  duration  to  Bayport  in  July,  1898.  indicates  that  the  flora  of 
that  part  of  the  county  is  especially  interesting  to  botanists,  as  a  number  of  species 
of  plants  were  found  there  which  have  not  before  been  found  so  far  north  in 
Michigan  and  some  reach  their  most  northern  recorded  limit  here. 

14a.  *Hyperlcum  Kalmianum,  L.  St.  John's-wort.  Marshy  land  south  of  Bay- 
port. 

30a.  Medicago  sativa,  L.  Alfalfa,  Lucerne.  Along  the  line  of  tim  sewer  from  the 

Bayport  Hotel  to  the  Bay. 
66a.   Lythrum  alatum,  Pursh.    Purple  Loose-strife.   Marshy  borders  of  ditches, 

between  Sebewaing  and  Bayport. 
96a.   Liatris  spicata.  Wild.   Blazing-star.   Marshes  north  of  Sebewaing. 
103a.    Solidago  Ohioensis,  Riddell.    Golden-rod.    Marsh  near  Bayport. 
111a.   Silphium  terebinthinaceum.  L.    Prairie  Dock.    Along  the  S.  T.  &  H.  R.  R. 

nearly  as  far  north  as  Bayport. 
121a.   Cacalia  tuberosa,  Nutt.   Tuberous  Indian  Plantain.     North  of  Sebewaing 

nearly  to  Bayport,  in  rich  soil. 
128a.   Lactuca  scariola,  L.   Prickly  lettuce.   A  bad  weed  common  about  the  rail- 
road stations. 

129a.   Lobelia  Kalmii,  L.    Wet  flats  along  the  shore  of  the  Bay  at  Bayport. 

144a.   Steironema  longifolium,  Gray.    Marshes  south  of  Bayport. 

181a.   Plantago  Patagonica,  Jacq.   Var.  aristata.  Gray.   Bristly  Plantain.  Grounds 

of  the  Bayport  Hotel  under  trees,  sandy  soil. 
207a.   Salix  amygdaloides.  Anders.  Bayport. 

213a.   Spiranthes  cernua,  Richard.    What  seems  to  be  this  species  was  collected 
by  Dr.  Lane  in  the  neighborhood  of  Bayport. 


•These  numbers  refer  to  the  place  Vv^hich  these  plants  would  occupy  If  arranged 
in  the  foregoing  list. 
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THE  FOSSILS. 

§  1.  Introduction. 

When  we  attempt  to  study  and  name  the  forms  of  life  which  have 
left  their  traces  in  the  rocks  of  Huron  county  we  find  ourselves  in 
much  difficulty.  The  earlier  papers  on  the  subject  by  Winchell, 
Strong  and  Stevens,  were  published  without  illustrations.  All  the 
illustrations  that  Douglas  Houghton  prepared  seem  to  have  dis- 
appeared. At  the  Ann  Arbor  Museum  and  Grand  Rapids  High 
Schools,  however,  are  numerous  forms  labelled,  so  that  after  diligent 
study  by  one  who  has  access  to  the  complete  literature  of  other 
states  (especially  whenever  Winchell's  unpublished  drawings  become 
accessible),  we  shall  know  better  just  what  forms  have  been  named 
by  the  gentlemen  above,  and  how  far  they  are  equivalent  to  forms 
described  in  other  states.  In  the  meantime  geologists  in  other 
states  have  worked  perforce  without  very  much  regard  to  what  had 
been  done  in  Michigan,  though  Herrick  and  others  have  occasionally 
referred  to  Winchell's  types.  The  matei'ial  is  in  large  part  so  im- 
perfect that  Winchell  has  in  a  number  of  cases  referred  a  form  now 
to  one  genus  and  now  under  another,  retaining  the  same  specific 
name.  Eominger,  too,  collected  extensively  in  the  county,  but  his 
identifications  are  generally  not  specific  and  by  no  means  always 
harmonize  with  those  of  previous  authors.  In  consequence  the 
following  cases  of  difficulty  arise: 

We  may  be  almost  certain  that  a  form  has  been  given  a  certain 
specific  name  by  a  previous  author,  but  doubt  if  his  reference  of 
it  to  a  certain  genus  is  correct;  or  we  may  not  be  certain  whether 
we  have  the  exact  form  described  by  a  certain  author.  Or  we  may 
find  the  same  form  referred  to  by  different  authors  under  different 
names.  In  some  cases  we  know  that  this  is  so,  as  when  Hall  uses 
Winchell's  figures  of  Centronella  Julia  to  illustrate  CnjptoneUa.  The 
same  form  is  now  known  as  Romingerina. 
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The  snarl  thus  involved  can  not  be  straightened  out  at  once.  But 
we  can  at  least  take  out  some  kinks,  and  make  it  easier  for  the  next 
one,  and  at  the  same  time  give  lists  which  show  wliat  names  have 
been  applied  to  the  fossils  of  the  county. 

We  treat  the  fossils  of  the  Marshall  and  underlying  shales  to- 
gether, for  even  if  we  did  not  wish  to  imply  thereby  very  much,  as  to 
the  controverted  question  of  their  relation  to  the  line  between 
Devonian  and  Carboniferous,  since  the  literature  is  the  same,  and  we 
shall  have  occasion  to  compare  the  forms,  it  seems  better  to  treat 
them  thus. 

We  have  illustrated  part  of  the  Marshall  fauna  in  Plates  X  and 
XI;  but  have  not  tried  to  do  so  for  the  faunas  of  the  Bayport,  i.  e., 
Maxville  limestone,  reserving  that  for  a  Kent  county  report  when 
the  collections  of  the  Kent  Scientific  institute  shall  be  accessible, 
and  shall  have  been  properly  worked  up. 

It  is  impossible,  too,  to  do  complete  justice  to  the  Marshall  fossils 
until  Winchell's  collection  is  also  accessible  to  the  investigator, 
which  we  trust  will  be  soon,  now  that  it  is  acquired  by  the  Francis 
Hood  Museum  of  Alma  College.  But  I  am  particularly  indebted  to 
Mr.  W.  F.  Cooper  who  is  familiar  with  Mr.  Herrick's  parallel  work 
in  Ohio  for  his  assistance  in  that  section.  Most  of  the  forms  illu- 
strated in  Plates  X  and  XI  are  not  Marshall,  but  come  from  the 
Point  aux  Barques  lighthouse.  I  hope  to  illustrate  the  Marshall 
more  fully  later  from  Winchell's  own  drawings  but  most  of  his  speci- 
mens came  from  the  southern  part  of  the  state. 

§  2.  Eecent  shells  (of  the  marl),  by  Bryant  Walker  and  A.  C. 
Lane. 

It  has  been  suggested  by  certain  recent  observers*  that  the  former 
extension  of  the  Great  Lakes  so  well  marked  in  raised  beaches 
around  the  lower  peninsula  of  Michigan,  wore  really  connected  with 
the  ocean  and  their  deposits  of  marine  origin,  and  for  this  and  other 
reasons,  during  the  progress  of  the  investigations  of  the  Geological 
Survey,  in  Huron  county,  last  summer,  some  attempt  was  made  by 
Prof.  Davis  and  Mr.  Lane  to  gather  shells  from  recent  deposits, 
where  they  would  be  likely  to  throw  light  upon  the  subject.  These 
shells  have  been  referred  to  Mr.  Bryant  Walker  and  the  Pisidia  to 
Dr.  V.  Sterki  to  whom  all  that  is  valuable  of  this  paper  should  be 


♦  Spencer,  J.  W.,  Science,  1888,  Jan.  27,  p.  49,  Pop.  Sci.  Monthly,  1896.  Bela  Hubbard,  back 
In  1840,  correctly  described  them  as  fresh  water  deposits. 
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attributed.  All  that  Mr.  Lane  adds  is  something  concerning  the 
localities. 

Locality  (1). — Xear  Badaxe,  about  one-fourth  mile  X.  of  the  south- 
east corner  of  Sec.  24,  T.  16,  R.  12;  altitude  about  180  feet  above 
the  present  lake  level,  or  say  760  feet  A.  T.  Here  the  E. — W.  drain 
exposes  a  section  showing  an  alternation  of  above  a  marshy  deposit, 
then  a  shell  marl,  then  another  marshy  deposit,  then  a  second  bed 
of  shell  marl.  Mr.  Lane's  attention  was  called  to  the  alternation  by 
Dr.  Jas.  Henderson.  At  the  time  it  was  visited,  the  section  was 
exposed  by  a  ditch  wMch  was  so  filled  with  water  that  a  careful 
separation  could  not  be  made  of  the  two  marls,  but  without  doubt, 
the  forms  were  very  largely  derived  from  the  lower  marl.  It  seems 
geologically  very  likely  that  the  lower  marl  is  associated  in  this 
region  with,  and  nearly  contemporaneous  with,  the  Forest  Beach  of 
Lake  Warren.*  A  collection  was  made  from  a  marl  at  a  similar 
altitude  and  in  association  with  marshes  also  behind  the  Forest 
Beach  on  Sec.  6,  Sherman,  T.  15  X.,  E.  16  E..  in  1807.  The  fauna 
was  similar  and  Pisidium  contortKm  occurred  again. 

Locality  (2). — Close  to  the  Stone  Wall  also  referred  to  by  Taylor 
(loc.  cit.,  page  44),  in  the  swamp  in  which  the  Stone  Wall  is  con- 
nected and  at  a  similar  elevation.  This  is  in  the  southeast  corner  of 
Sec.  32,  T.  14  X.,  R.  11  E.  This,  too,  is  very  possibly  to  be  correlated 
with  the  time  of  the  Forest  Beach  and  Lake  Warren, — according 
to  Taylor  this  marsh  lies  in  the  Cumber  spillway,  a  channel  by  which 
the  waters  on  the  two  sides  of  the  thumb  were  connected  when  the 
ice  front  was  standing  near  Verona. 

This  locality  is  more  fully  described  in  Part  III  of  this  volume. 

Locality  (3). — Sand  which  was  exposed  in  burning  otf  the  bog  near 
the  corner  of  Sees.  26  and  27,  T.  16  X.,  R.  9  E.  Fairhaven  township, 
Huron  county,  Michigan.  These  sands  lie  at  an  elevation  of  a  little 
abc»-*»  20  feet  (605  ft.  A.  T.).  They  are  to  be  connected  with  the 
Algonquin  Beach,  according  to  Taylor.  They  certainly  are  con- 
nected with  the  old  lake  shore  directly  in  a  way  that  the  two  marl 
deposits  just  mentioned  are  not. 

Locality  (4).— On  the  north  side  of  Sec.  34,  T.  16  X.,  R.  9  E.,  about 
I  mile  E.  of  the  X'.  W.  quarter  where  the  section  line  road  crosses  the 
dunes.  They  are  connected  with  the  same  Algonquin  lake  level  as 
the  previous  locality,  though  somewhat  higher,  and  are  evidently 


*See  F.  B.  Taylor,  BuU.  Geol.  Society  of  America,  Vol.  VIII,  p.  49. 
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fragments  thrown  up  on  the  beach  directly  connected  with  the  dune 
deposits. 

Finally  collections  were  also  made  of  recent  forms  for  compari- 
son. 

Locality  (5). — Living  forms  collected  by  C.  A.  Davis  at  Port  Austin. 

LocaUty  (G). — Living  forms  collected  by  Mrs.  A.  C.  Lane,  in  flats 
laid  bare  by  the  recent  fall  of  the  waters  in  front  of  Bayport  during 
the  last  eight  years.  It  will  be  seen  from  the  lists  that  with  two  ex- 
ceptions, all  the  species  found  are  identical  with  forms  now  existing 
in  the  same  region.  Such  variations  as  now  exist  are  no  more  than 
can  be  attributed  to  local  peculiarities  of  environment.  The  fauna 
of  the  older  marls  as  a  whole  is  undoubtedly  a  northern  one,  and 
indicates,  though  not  necessarily  conclusively,  a  colder  climate  than 
exists  in  that  region  today.  This  inference  is  based  on  the  uniformly 
small  size  of  the  same  species,  i.  e.,  Valuata  tricariiiata,  Plamrbis 
deflectns,  Planorhis  Ucarinatus  and  the  Campeloma,  also  the  peculiar 
sculpturing  of  the  Planorhis  Ucarinatus. 

The  single  example  of  Campeloma  is  a  very  interesting  one.  though 
it  is  unfortunately  very  imperfect.  It  is  apparently  mature,  and  is 
remarkable  for  its  small  size  and  cylindrical  shape.  It  also  re- 
sembles the  northern  recent  form  known  as  Campeloma  mile-sii  Lea, 
but  is  smaller  and  more  cylindrical.  If  the  form  of  the  living  species 
is  the  result  of  its  northern  situation,  it  would  perhaps  be  a  fair 
inference  that  severer  climatic  conditions  had  so  to  speak  intensified 
the  form.  However,  while  C.  milesii  is  today  a  northern  form,  there 
are  other  species  of  the  same  genus  ranging  from  the  same  territory, 
as  well  as  further  north,  which  do  not  show  the  same  iieculiarity. 
Then  there  is  a  little  Limncca  from  Badaxe,  locality  (1),  which  is  also 
interesting.  It  resembles  the  species  from  the  Moose  River,  in  the 
Hudson  Bay  territory,  described  by  Lea  as  L.  artica,  but  differs  in  its 
compressed  shape  and  in  being  decidedly  umbilicate. 

In  regard  to  the  Pisidia  in  particular,  Dr.  V.  Sterki,  who  examined 
the  material,  says  that  the  Badaxe  specimens  are  of  especial  interest 
and  correspond  with  those  from  the  marl  in  Aroostook  county, 
Maine.  There  is  in  both  PisifUitni  contortiim  Pme.,  a  form  which  has 
been  referred  to  or  near  Pisidiiiin  milium  Held,  from  Europe,  and 
certainly  is  nearly  related,  but  the  species  is  very  variable.  The  ex- 
treme forms  might  be  regarded  as  quite  distinct  species,  but  for  inter- 
mediate forms.  Pisidium  contortum  is  known  only  as  fossil,  but  may 
32-Pt.  II. 
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yet  be  found  living  further  north.*  P.  vaitricosum  Pme.  so  common 
in  the  Maine  marl  was  not  represented  in  the  Michigan  material.  In 
.  the  Fairhaven  material  location  (3)  or  (4)  were  a  few  broken  fossils, 
one  of  them  to  be  identified  as  Pisidiiim  contortum,  the  balance  too 
far  gone. 

It  is  obvious  from  the  comparison  of  these  lists  appended  and 
observations  made  upon  them  that  so  far  the  shell  collections  point, 
not  to  marine  conditions,  but  to  fresh  water  conditions  something 
similar  to  those  present,  but  to  a  more  northern  climate,  which  is 
in  every  way  agreeable  to  the  other  geological  indications,  that  their 
erstwhile  denizens  dwelt  in  lakes  left  upon  the  retreat  of  the  ice,  the 
shells  from  localities  (1)  and  (2)  being  probably  more  nearly  con- 
temporaneous with  the  ice  front  and  with  the  mastodon. t 

In  the  list,  the  names  of  the  genus,  species  and  describer  are  first 
given,  in  order,  grouped  by  genera,  and  then  in  the  seven  following 
columns,  their  occurrence  in  Walkers  list  of  shells  of  the  Saginaw 
valleyi  and  in  the  six  localities  above  mentioned.  An  X  indicates 
the  presence  of  form,  XX  its  abundance,  a  number  added  refers  to 
foot  note. 

?  indicates  that  the  specimen  is  too  imperfect  for  certain  identifica- 
tion. 


Genus. 

Species. 

Author. 

Walk- 
ers 
list. 

LiOc. 
6. 

5. 

4. 

3. 

2. 

Circinaria . . . 
Zonitoides . . . 

Say. 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

nitidHS  

MuU  .... 
Sav  

X 

min>i-i"i!iis  

Alder... 
Strom.. 
Binn  

Vitrea  

indmf'it   

Gastrodonta . 
Pyramidula. 

Helicodiscug . 

Punctum  

Polygra  

multidentata  

Dr 

Say  

alternata  

Say  

Say  

gtriatella  

Antn.... 
Say  

Drap. . . . 
Say  

multilineata  

Say  



Say  

albolabris  dentata  

Tryon  . . 
Binn.... 
Binn..  . 
Say  

monodon  fraterna  

Ward. . . 
Say  

palliata  

Sav  

virgata  

DaCosta 

Vallonia 

Strobilops  

Bifidaria  .... 

pulchella  

MuU..  . 
Say  

corticaria  

Say  

•It  has  recentlv  been  found  living  in  northern  Maine. 

i-See  articles  by  B.  Walker  in  the  Nautilus  March,  1S9S,  Vol.  XI,  p.  121,  and 
Sept.,  1S99.  Vol.  XIII,  p.  55. 
tNautilus,  1S94,   p.  125. 
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Species. 


Vertigo. 


Physa.. 


Lyogyrxn . . 

Valvata   

Campelomu . 


Bythmella . . 
Goniobasis. 


armifera  

eontracta  

pentodon  

curviUens  

ovata  

gouldit  

ven  tricosa  elatior  

luhrica  

ovaliH  

amra  

refuna  

peoriensis  

«P  

iP  

exiguum  

stagnahii  

catascopium  

reflera  

reftexa  xcalaris  

palustng  

n.  sp  

cuhensin  

demdiona  

einargmata  

aneillana  

sayu  

gyrina  

var.  hildrethiana. 

f'^-'' ";'.]"."' 

,„i,ltiroli'i.<'. 

birarinat'i.-i  

t)-ii>H-attis  

deflect  US  

campanulatus  

albus  

parvun  

exacutus  *  

armigera  

fUSCUK  


i>P  

parallflus 


decisa  

"P  

poiata  

liiiiosa  

obtum  

riicklnnana .  . 

hvegcenn  

nemicannata. 
depyiji  - 

milesii  

alatus  

aspefihniix.. . . 


ellips 


gibbomts  

?'raalis  
igamentmus . 

luteolus  

nasutus  

novi-eboraci  . 

phaseolus  

rectus  

rubiginosus. . . 
sckoolcraftu . 
ventricos'ua . . . 

deltoidea  

edeiitula  

fragilu  

benedictii  

jootiana  

tmbecilis  


Say. . . . 
Say.... 
Sav. ... 

Gld  

Say  ... 
Binn... 
Sterki. 
MuU  . . . 
Say. ... 
Say.... 

Lea  

Wolf.. . 


Say. 

Say. 
Say. 
Walker. 
MuU .... 

Pfr  

Say  

Say  

Say  

Tappan. 

Say  

Lea  

L  

Say  

Case. . . . 

Say  

Miles.. . 


Mull . 
Say.. 
Say.. 
Say.. 
Ad... 

Hald. 
Gld... 
Say.. 
Lea. . 

Say.. 

Lea.. 
Say.. 
Lea. . 
Lea. . 
Mke  . 
Say. . 
Say.. 
Lea. . 
Say.. 
Lea. . 
Bar. . 
Lea. . 
Hild  . 
Bar.. 
Bar. . 
Lam. 
Lam . 
Say.. 
Lea. . 
Hild  . 
Lam. 
Lea. . 
Lea. . 
Bar.. 
Lea.. 
Say.. 
Lam. 
Lea. . 
Lea. . 
Say.. 
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Walk- 

Loc. 

Genus. 

Species. 

Author. 

6 

5 

4 

3 

2 

1 

list. 

Sphaerium. . . 
PisidiuM  ... . 

striatinum  

Liam 
g 

sifnil€ 

z 

X 

rhoinhoidfiim  

Sav 

X 
X 

X 
X 

X 
X 

Pme .... 

Say  

Lind  — 

Lam  

Hald.... 
Pme .... 
Pme.... 
Pme .... 

X 

X 
X 
X 

X 

X 
X 
X 

X 
X 

i-anabU  

contortitiii  

X 

?x 

Var  ' 

Pme .... 

scutellatum  

Sterkl  ■', 

(1)  Peculiar,  two  specimens,  lacking  the  spire,  whorls  strongly  shouldered,  be- 
neath which  is  a  well  marked  constriction,  which  modifies  the  form  of  the  aperture, 
lip  sinuous,  drawn  back  and  somewhat  expanded  posteriorly,  body  whorl  almost 
cylindrical. 

(2)  Spiral  lines  much  more  developed  than  is  usual  in  living  specimens.  Many 
of  the  adult  specimens  are  considerably  corrugated  transversely  toward  the  aper- 
ture and  after  the  period  of  the  first  growth.  According  to  R.  E.  C.  Stearns  (Proc. 
Phila.  Acad.  Nat.  Science,  ISSl.  p.  104).  such  a  tendency  is  evidence  of  considerable 
changes  in  temperature  or  environment. 

(3)  Exhibiting  all  stages  from  the  unicarinate  to  the  tricarinate  form,— none 
ecarinate. 

(4)  Mostly  bicarinate. 

(5)  See  above,  p.  249. 

(6)  See  above,  p.  249. 

§  3.  Fossils  of  tlie  Marshall  and  Coldwater  by  A.  C.  Lane  and 
W.  F.  Cooper. 

A  list  is  given  in  the  rroeeedings  of  the  American  Philosophical 
Society  (1870),  Vol.  XII,  p.  ?>8!i  including  all  the  fossils  which  Win- 
chell  has  described  from  this  group.  We  can  divide  the  260  feet  of 
the  Lower  Marshall  (the  Upper  Marshall  or  Napoleon  is  so  far  as  yet 
known  unfossiliferous  in  the  county)  in  two  to  three  divisions,  two  of 
which  we  can  also  trace  in  the  previous  writers.  The  shales  and 
intercalated  sandstones  below  we  can  also  divide  into  three  zones. 
Having  regard  indeed  only  to  our  own  collections  we  might  sub- 
divide some  of  these  divisions,  but  as  the  subdivision  grows  finer  the 
danger  of  placing  forms  in  the  wrong  division  increases  with  no 
compensating  advantage,  so  that  the  division  given  below  will 
suffice.  At  the  same  time  in  discussing  our  collections,  the  exact 
place  in  the  column  will  be  noted  as  far  as  possible. 

The  divisions  we  make  are  then: 

(1)  Lowest,  the  Eock  Falls,  Cuyahoga  series,  176-553,  especially 
460  feet  below  the  bottom  of  the  Lower  Marshall,  =541  feet  above 
the  top  of  the  Berea  grit,  with  Chmetes  scitulus,  Plate  X,  Figs.  1 
and  2. 

(2)  The  Lighthouse  Point  series  100-176,  especially  160-176  feet 
below  the  bottom  of  the  Marshall  as  defined,  very  fossiliferous,  with 
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Syrinyothyris  pharovicina  (Plate  X,  Figs.  5-7)  and  numerous  spirifers, 
and  a  fair  sized  Proetus  missouriensis  and  abundant  Schizodus  forms 
(Plate  XI,  Figs.  7,  9,  14,  15),  generally  larger  than  corresponding 
forms  in  higher  horizons,  which  are,  however,  faunally  closely  allied. 

(3)  The  Huron  City  series.  0 — 100  feet  below  the  Lower  Marshall, 
especially  84  feet  below  the  bottom  of  the  Marshall,  Khynchonellolds 
and  Productus  more  abundant  and  smaller  than  in  the  Lower  Mar- 
shall. 

(4)  The  Point  aux  Barques  series  85-260  feet  below  top  of  Lower 
Marshall,  including  the  gritstones  themselves  (235-260),  with  fish 
remains  and  G.  Oiceni,  zone  of  Romingerina  julia  above,  at  220  feet, 
and  all  the  strata  up  to  the  top  of  the  Port  Austin  sandstone. 

(5)  The  Solen  series  (65-85  feet  below  top),  characterized  by  the 
abundance  of  Solen  like  forms  and  G.  marsliallcnsis  including  the 
richly  fossiliferous  zone  of  Hardwood  Point,  with  Prothyris  vieeki 
(Plate  XI,  Fig.  10). 

The  upper  beds,  as  exposed  on  the  Port  Austin  and  Port  Crescent 
road, — thin-bedded  flags,  especially  rich  in  small  aviculoid  forms. 
Leiopteria  and  Sanguinolites,  Figs.  2,  11,  12,  13,  Plate  XI,  this  last 
zone  not  having  been  before  ob.'served  in  the  county — are  not  an 
essentially  new  series. 

(1).    The  Rock  Falls  series  (Cuyahoga). 

Like  the  corresponding  Cuyahoga  shales  of  Ohio,  the  blue  shales 
are  very  poor  in  fossils,  except  in  thin  sandy  seams  and  nodules  of 
carbonate  of  iron,  but  Dr.  Gordon  discovered  Clionetes  scitulus 
a  small  delicate  species,  (?  Chonetes  of  Rominger,  Sp.  19147),  and 
Conularia  gracilis.*  Fucoidal  remains,  as  suggested  by  Rominger 
(Caudagalli)  in  our  specimen  more  likely  worm-produced  marks 
(Sp.  19148-19150),  together  with  the  Chonetes  and  Gouiatites 
noticed  by  Rominger  (III,  76)  are  not  unlike  the  fauna  of  the  Bedford 
and  Cuyahoga  (cf.  Ohio  VII,  p.  32,  507)  shale.  Mr.  G.  H.  Girty  col- 
lected in  the  summer  of  1897  with  me  also  Productus  Icevicosta,  and 
two  other  species,  one  probably  Productus  blairi,  Spirifer  centronota, 
Syringothyris,  lamellibranchs,and  heads  as  well  as  stems  of  crinoids. 
Cooper  identified  P.  Slmmardianus,  and  P.  neicherryi  var.  annosus,  and 
8trehlopteria  media,  Phaetlionides  spinosus.  The  other  localities  from 
from  Port  Hope  down  have  not  added  to  the  list  of  species,  but  these 
suffice  to  identify  it  with  the  Cuyahoga  of  Central  Ohio.  The  fauna 
is  somewhat  Devonian  in  aspect. 


♦Ohio  VII,  PI.  XIX.  Sp.  1914S. 
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(2).    Lighthouse  zone. 

Most  of  the  fossils  of  this  section  come  from  the  conglomerate  and 
from  one  belt  of  sandstone  about  3  inches  thick.*  The  fauna  is  ex- 
ceedingly rich.  Not  less  than  forty  species  and  all  the  principal 
groups  are  represented.  A  characteristic  feature  of  this  fauna  to  be 
noted,  is  the  comparatively  large  size  of  the  forms.  This  is  to  be 
noted,  not  only  as  a  whole,  but  in  comparing  any  particular  form 
with  its  nearest  ally  in  the  formations  above.  The  minute  Romin- 
yerhia  jiilia  of  series  (4)  is  represented  by  larger  terebratuloid  forms, 
perhaps  the  form  described  by  ^Yinchell  as  Merista  Eoughtoni,  com- 
pare Plate  X,  Fig.  13  (for  in  default  of  knowledge  of  the  internal 
structure,  these  forms  may  be  wrongly  attributed  to  different 
genera).  The  Proeti  have  glabellas  15  mm.  or  so  long  (Plate  XI, 
Fig.  14),  while  the  next  trilobite  that  we  notice  (Sp.  19094)  is  almost 
microscopic.  The  lamellibranchs  and  brachiopods  are  also  large, 
often  attaining  a  length  of  20  to  40  mm,  and  the  rhynchonellas  attain 
about  twice  the  size  of  those  higher  up  in  the  series  (Plate  X,  Fig.  8, 
9,  10). 

SPIRIFER  SUBATTEXUATUS,  Hall?  (Proc.  Acad.  Xat.  Sci., 
Phila.,  1862,  p.  405). 

Winchell  says  merely  that  the  form  agrees  with  Hall's  descrip- 
tions and  in  the  Proceedings  of  the  American  Philosophical  Society 
he  speaks  of  it  as  a  doubtful  identification.  At  least  four,  probably 
more  of  the  Spirifer  family  are  found  by  us,  some  with,  some  with- 
out striations  in  the  sinus,  sometimes  fasciculated.  Compare  Sp. 
19049,  19045.  This  is  a  small  Spirifer,  but  our  forms  appear  rather 
too  elongate,  more  of  the  mucronatus  type. 

SPIRIFER  MEDIALI8,  Hall?  The  specimens,  here  and  there, 
through  the  whole  series  19044  to  19089  show  another  type 
of  flatter,  and  not  very  large  spirifer.  WincbelFs  identification  is 
almost  certainly  erroneous. 

SPIRIFER  HURONENSIS,  Win.  is  described  as  follows,  P.  A. 
X.  S.,  Phil.,  1862,  p.  407.  This  we  have  figured,  Plate  X,  Fig.  3. 
Compare  <S.  deltoideus. 

"Spirifera  Huroneims,  n.  Sp.  Shell  of  medium  size,  transversely 
semi-elliptic,  with  acuminate  hinge-extremities;  entire  hinge-length 
nearly  three  times  the  length  of  the  shell;  anterior  and  antero- 
lateral borders  regularly  curved.  Ventral  valve  ventricose,  espe- 
cially towards  the  beak,  which  is  erect  over  a  high  triangular  area. 


•See  pp.  25,  87. 
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triangularly  foraminated  at  the  apex;  sinus  beginning  near  the 
beak,  not  well  defined,  round  at  its  margins  and  bottom;  entire 
surface  covered  with  about  forty  rounded  ribs,  of  which  the  lateral 
half  on  each  side  terminate  upon  the  cardinal  border,  while  about 
four  of  the  same  size  as  their  neighbors,  occupy  the  sinus.  Dental 
plates  standing  at  an  angle  of  58°.  Dorsal  valve  equally  tumid 
with  the  ventral;  beak  incurved  over  a  narrow  area;  mesial  fold 
indistinct,  with  three  or  four  ribs;  occlusor  and  pedicle  scars 
lanceolate,  deep.  Surface  of  shell  with  one  or  two  squamous  in- 
cremental lines.- 

"Length  of  shell,  in  inches,  .49  (100);  length  of  hinge  line  1.3  (265); 
convexity  of  ventral  valve  .25  (50). 

"Locality.  Lighthouse  I't.  aux  Barques,  in  a  hard,  gray,  pyritous, 
coarse,  often  conglomeritic  bed  of  sandstone  two  feet  thick,  inter- 
calated in  the  argillaceous  slates  of  the  Huron  group." 

Specimen  18263  and  19048,  seem  to  show  this  type  of  spirifer 
well.  It  will  be  noted  that  there  is  nothing  in  the  description  of 
this  and  the  next  species  to  prevent  its  being  a  Syringothyris,  which 
it  may  be. 

SYRINGOTHYRIS  PHAROYICINA,  Win.  described,  Proc.  Acad. 
Nat.  Sci.  Pliil.,  1862,  p.  406.  as  follows,  under  the  name  Spirifer 
pharovicina : 

"Shell  large  and  ventricose.  Ventral  valve  with  a  gentle  sinua- 
tion  which  extends  to  the  beak;  dental  plates  moderately  long, 
forming  an  angle  of  80°;  area  very  elevated,  with  a  narrow  triangu- 
lar fissure  reaching  to  the  apex,  which  scarcely  overhangs  the  area; 
surface  faintly  marked  each  side  of  the  sinus  by  rather  remote 
radiating  ribs,  which,  near  the  margin,  are  somewhat  distinct. 
Some  impressions  of  areas  supposed  to  belong  to  this  species,  are 
2.1"  [inches]  "long,  and  .95  high,  with  a  fissure  .44  wide  at  base; 
deltoidal  impression  grooved  in  the  direction  of  the  fissure;  surface 
of  area  flat,  slightly  incurved  at  apex  and  marked  by  very  distinct 
transverse  striae.  Dorsal  valve  with  a  low  rounded  fold,  marked 
(in  the  cast)  by  a  single  small  median  groove,  beak  prominent,  in- 
curved over  a  small  area." 

Locality.  Lighthouse,  Pt.  aux  Barques,  with  Rhi/ncJiOHclla 
Suronensis,  Spirifera  Huronensis,  etc. 

This  well  known  species  is  known  only  by  imperfect  casts. 

I  feel  quite  confident  that  this  is  a  Syringothyris  (and  so  do 
Cooper  and  Girty).  The  large  suite  of  specimens,  19044,  19265. 
and  19266,  Plate  X,  Figs.  5,  6  and  7,  show  a  Syringothyris,  which  is 
one  of  the  commonest  and  most  characteristic  fossils  of  the  series, 
as  Rominger  also  noticed.  It  is  hardly  possible  that  Winchell  could 
have  not  found  any  representative  of  it,  and  it  is  doubtless  his 
species  which  we  figure  and  his  description  of  Spirifer  pharovicina 


256 


HUBON  COUNTY. 


agrees  precisely  with  our  specimens  of  Syringothyris,  except  obvi- 
ously that  the  characteristic  structure  of  Syringothyris  did  not 
show  and  is  not  described  by  him,  but  there  is  nothing  inconsistent 
in  his  descriptions.  In  fact  he  did  not  found  the  genus  until  next 
year.  It  is  very  common  and  some  variation  in  the  height  of  the 
area,  suggests  that  a  form  like  Syringothyris  TierricTci  may  be  pres- 
ent also. 

SPIRIFERA ?  (cf .  ATHTRI8)  INSOLITA.  Described  as  follows, 
Proc.  Acad.  Xat.  Sci.,  Phil.,  1862,  p.  406. 

'•Spirife)-a  i  insoJita,  n.  sp.  Shell  large,  smooth.  Ventral 
valve  with  a  broad,  concave  sinus  reaching  to  the  beak,  and 
forming  at  its  lateral  margins  angles  with  the  shell  surface;  area 
short  and  imperfectly  bounded,  though  the  beak  is  rather  high; 
dental  plates  very  long,  reaching  the  middle  of  the  shell  or  beyond, 
and  forming  with  each  other  an  angle  of  25°,  which  is  the  same  as 
the  rostral  angle  of  the  mesial  sinus. 

"Locality.    Lighthouse.  Pt.  aux  Barques. 

"The  species  has  the  short  hinge  line  of  Brachythyris,  and  the 
smooth  surface  of  Martinia — characters  which,  with  the  very  long 
and  approximate  dental  plates  render  it  unique  among  Spiriferae." 

Filnichei  T  classes  this  as  a  Martinia,  and  it  is  surely  not  a  Spirifer. 

EUJIIETRIA  (?)  POLTPLEURA.  Plate  X.  Figs.  13  and  14.  De- 
scribed as  follows,  Proc.  Acad.  Nat.  Sci.,  Phila.,  1862,  p.  406. 

"Retzia  Pohjplciira,  n.  sp.  Shell  of  medium  size  or  rather  large, 
cuneate-oval,  tumid.  Ventral  valve  with  a  prolonged,  isolated, 
nearly  erect,  perforate  beak,  which  projects  one-fourth  the  valve 
leng-tii  beyond  the  dorsal  valve,  a  swollen  umbo,  and  depressed 
central  and  anterior  region.  Dorsal  valve  rotund,  with  a  subcune- 
ate  rostral  margin ;  beak  obtuse,  closely  appressed  against  the  ven- 
tral valve;  umbo  ventricose;  entire  valve  with  a  regular  cardium- 
like  convexity;  median  ridge  extending  one-third  the  length  of  the 
valve,  with  a  lanceolate  occlusor  impression  on  each  side  of  it. 
Surface  marked  by  about  forty  small,  rounded,  radiating  ribs. 
Spires  not  seen. 

"Length,  breadth  and  thickness  of  a  rather  small  specimen:  .70"' 
inches  "(100),  .58  (83)  and  .34  (50).  Length  of  dorsal  valve  .52  (74). 
Length  and  breadth  of  another  dorsal  valve  .69  and  .66." 

"Locality.  Lighthouse,  Pt.  aux  Barques  with  Rliynclionella 
Hurmensis,  etc.  This  species  resembles  R.  serpentina,  de  Kon. 
(Anim.  Foss.,  291,  pi.  xix,  8).  but  the  ventral  valve  is  most  ventricose 
in  the  umbonal  instead  of  the  middle  region,  and  has  a  nearly  erect 
instead  of  a  straight  beak.  It  differs  from  R.  vera.  Hall  (Iowa  Kep. 
704.  pi.  xxvii),  in  the  absence  of  wings,  and  in  its  more  erect  beak." 

These  forms  seem  to  be  represented  by  specimens  19073,  19267, 
19268,  The  two  specimens  which  we  have  figured  are  from  the  con- 
glomei'ate  where  they  are  most  abundant. 
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MERI8TA  HOIJOHTONI.  Described  as  follows,  Proc.  Acad. 
Nat.  Sci.,  Phila.,  1862,  p.  407. 

"Shell  of  medium  size,  subrotund  and  snbtumid.  Ventral  valve  a 
little  produced  at  the  straight,  obtuse  foraminated  beak,  somewhat 
truncate  in  its  contour,  along  the  cardinal  slopes,  and  very  slightly 
elongate  in  front  across  the  width  of  the  sinus;  regularly  convex 
in  all  directions  from  the  middle,  except  along  the  shallow  sinus, 
whict  takes  its  origin  near  the  middle  of  the  valve.  Impressions 
of  the  divaricator  muscles  longitudinally  striate.  Dorsal  valve 
circular;  beak  scarcely  projecting  beyond  the  hinge;  occlusor  im- 
pressions small,  spatulate,  separated  by  a  rostral  septum  reaching 
one-fourth  the  length  of  the  valve;  mesial  fold  represented  by  an 
undulation  at  the  anterior  margin.    Surface  of  cast  smooth. 

"Length,  breadth  and  thickness  .70  (100),  .68  (97)  and  .36  (51). 

"Locality.  Lighthouse,  Pt.  aux  Barques,  with  Rliynchonella 
Huronensis,  etc." 

It  will  be  noticed  that  the  description  does  not  rule  out  some  allied 
genera.  A  number  of  specimens  contain  terebratuloid  forms,  as 
Sp.  19073. 

PLEUROTOMARIA  HURONENSIS  described,  Proc.  Acad.  Nat. 
Sci.,  Phila.,  1862,  p.  425,  as  follows: 

"PleurotamaHa  Huronensis,  n.  sp.  Shell  rather  large,  depressed- 
turbinate,  consisting  of  about  four  very  napidly  enlarging  whorls. 
Body  whorl  flattened  from  above,  moderately  convex  above;  the 
base  a  twisted  plane  bounded  on  one  side  by  the  slope  into  a  large 
open  umbilicus,  on  the  other,  by  the  sharp  whorl  marked  by  eleven 
raised  plications  and  intervening  broad  sulci,  of  which,  counting 
from  the  umbilicus,  the  sixth  rests  upon  the  carina,  and  the  eleventh 
is  close  to  the  suture.  These  are  crossed  by  stria?  of  growth  rising 
from  the  umbilicus,  stretching  far  forward  upon  the  base,  curving 
backwards  and  just  before  reaching  the  carina,  and  apparently 
curving  forward  again  after  passing  it. 

"Height  of  shell  1.00  'in  inches'  (100);  diameter  of  base  2.00  (200); 
transverse  diameter  of  aperture  .92  (92). 

"Locality.  Lighthouse,  ^t.  aux  Barques,  in  intercalated  sand- 
stones of  the  Huron  group. 

"This  species  recalls  Euomphalus  carinatus,  Sow.,  (Murch.  Sil. 
Syst.  616,  PI.  VI,  Fig.  10)." 

Our  specimens,  19051,  19070,  19075,  agree  exceedingly  well. 

OAMAROTO'JGHIA  HURONENSIS,  described  as  follows:  Proc. 
Acad.  Nat.  Sci.,  Phila.,  1862,  p.  409 : 

"Rhynchonella  Huronensis,  n.  sp.  Shell  of  medium  size,  tumid, 
transversely  oval,  or  nearly  circular,  with  rounded  lateral,  and 
cuneate  rostral  margins.  Ventral  valve  with  a  straight  beak,  flat- 
tened in  the  central  region,  and  rather  abruptly  inflected  around 
the  margin  toward  the  plane  of  the  valve;  mesial  sinus  beginning 
with  the  last  third  of  the  shell-length,  and  consisting  of  a  sudden 
33-Pt.  II. 
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deprevssion  in  the  antero-maiginal  slope.  Dental  lamellae  well  de- 
veloped, very  slightly  divergent.  Dorsal  valve  with  an  inconspicu- 
ous beak  and  a  mesial  fold  abruptly  elevated  and  confined  to  the 
anterior  third  of  the  valve;  median  septum  reaching  two-fifths  the 
length  of  the  valve.  Occlusor  muscular  impressions  semi-elliptic, 
lying  close  to  the  median  septum.  Shell  structure  fibrous.  Sur- 
face marked  with  2.3  small  rounded  ribs,  of  which  five  occupy  the 
mesial  sinus. 

"Length  of  the  ventral  valve  .48  "inches"  (100);  breadth  .58  (121); 
convexity  .10  (21). 

"Locality.  Lighthouse,  Pt.  aux  Barques,  in  a  hard  pyritous  sand- 
stone, intercalated  in  the  argillaceous  slates  of  the  Huron  group. 

"Var.  precipua  differs  from  the  typical  forms  in  being  more  flat- 
tened on  the  ventral  side,  with  mesial  sinus  consisting  of  an  abrupt 
deflection  of  nearly  the  whole  anterior  margin  of  the  valve,  forming 
a  right  angle. with  the  plane  of  the  valve;  surface  with  18  rounded 
radiating  ribs,  of  which  6  fall  in  the  sinus;  dental  plates  diverging 
at  an  angle  of  40°." 

Both  these  varieties  can  be  recognized  in  Specimens  19051,  19271, 
19272  and  numerous  other  specimens  of  the  suite,  and  are  like  R. 
sappho,  etc.,  Sp.  19058,  Fig.  1  and  Fig.  18  of  Herrick's  Plate  XXL* 
The  forms  figured  on  Plate  X,  Figs.  8,  9  and  10,  are  the  variety 
precipua. 

ORTHIS  VANUXEMI  HALL.  The  shells  referred  here  by  Win- 
chell  are  not  quite  like  the  type  and  are  thus  described  (Proc.  Acad. 
Xat.  Sci.,  Phila.,  1862,  p.  409).  The  kindred  forms  in  the  Light- 
house section  are  a  little  larger.    (Sp.  19072.) 

"OHTiis  Tanu.T€mi,  Hall  (10th  Ann.  Eep.  N.  Y.  Keg.,  p.  135).  Sbell 
nearly  circular,  sub-tumid;  hinge-line  very  short.  Dorsal  valve  a 
segment  of  a  sphere;  beak  not  surpassing  tbe  hinge,  slightly  in- 
curved; a  thick  median  plate  or  ridge  reaching  nearly  to  the  centre 
of  the  valve,  bisecting  the  right  angle  formed  by  the  well  developed 
socket  ridges.  Ventral  valve  flat,  or  slightly  concave  anteriorly, 
with  a  projecting  beak;  median  ridge  feeble,  extending  scarcely  to 
the  mid-valve;  a  barely  perceptible  trace  of  the  semi-circular  divai  i- 
cator  impressions  sweeping  from  the  beak  to  the  anterior  extremity 
of  the  median  ridge,  in  the  middle  of  which  space  are  the  two  small 
semi-elliptic  occlusor  scars;  dental  plates  short  and  thick;  teeth 
well  developed,  lying  in  the  hinge-line.  One  of  the  casts  differs  in 
having  one  of  the  occlusor  scars  half  heart-shaped  and  the  dental 
plates  more  slender.  Surface  not  fully  known;  marked  by  numerous 
radiating  stria?  which  increase  by  implantation  and  bifurcation, 
and  produce  a  crenulated  anterior  margin.  Shell  structure  finely 
punctuate. 

"Length  .81  (100);  breadth  .81  (100) ;  thickness  .25  (31). 

"Locality.    Lighthouse,    Pt.   aux   Barques,   with  RJiifiichoneUa 
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Huronensis,  etc.  This  shell  is  a  little  more  convex  in  the  dorsal  and 
flatter  in  the  ventral  than  the  figures  given  by  Prof.  Hall,  but  none 
of  its  characters  differ  materially  from  his  description.  Compared 
with  0.  MicJielini,  Lev.,  as  described  by  de  Koninck,  it  is  a  little 
more  convex  dorsally,  and  presents  circular  instead  of  digitate  (from 
the  vascular  system?)  divaricator  impressions  upon  the  ventral 
valve.  O.  Vanuxemi  is  described  from  the  shales  and  shaly  sand- 
stones of  the  Hamilton  group  of  New  York  and  Iowa,  the  litho- 
graphic limestones  of  Missouri,  and  from  the  soft  sandstones  in 
Eastern  Ohio,  regarded  as  Chemung  by  Prof.  Hall." 

DERBYA  CRA88A  is  the  present  name  for  Orthis  crenistria. 
The  forms  which  Winchell  thus  referred  are  described  as  follows 
(Proc.  Acad.  Nat.  Sci.,  Phila.,  1862,  p.  410): 

"Orthis  Crenistria,  Phillips.  (Pal.  Foss.  Corn.,  etc.,  p.  66,  PI.  27, 
Fig.  113), — Hinge  line  equal  to  greatest  width  of  shell ;  ventral  valve 
semi-elliptic  with  shallow^  constrictions  beneath  the  cardinal  extrem- 
ities; flat,  with  an  umbonal  elevation  beginning  about  the  middle 
and  rising  to  a  beak  which  overlooks  a  large  triangular  area  in- 
clined at  an  angle  of  45°  with  the  shell  plane;  dental  plates  strong, 
each  equal  to  one-fourth  the  hinge  length,  forming  with  each  other 
an  angle  of  about  60°.  Occlusor  scars  reaching  nearly  the  middle 
of  the  shell,  closely  contiguous,  leaving  together  a  ligulate  anteriorly 
acute  depression  upon  the  cast.  Surface  covered  by  fine  radiating 
striae,  interrupted  by  distinct  or  obscure  concentric  wrinkles.  In 
one  specimen  supposed  to  belong  here,  the  surface  is  cut  by  a  set  of 
sharply-cut,  twice  dichotomizing  strife — the  second  set  reaching 
half  way.  and  the  third  one-third  the  distance  to  the  beak.  Dorsal 
valve  hemispherically  convex  with  sharp  striae  and  concentric 
w^rinkles,  like  the  ventral. 

"Length  of  shell,  1.27  (100);  length  of  hinge  line  1.37  (107;  length 
of  the  dental  plates  .32  (25). 

"Locality.    Lighthouse,  Pt.  aux  Barques. 

"I  can  make  no  distinction  between  this  species  and  that  described 
by  Phillips,  from  South  Devon.  The  beak,  however,  seems  to  be 
perfectly  symmetrical,  and  in  this  it  differs  from  Streptorhynchus 
robusta  Hall,  Sp.,  from  the  coal  measures  of  Iowa,  as  well  as  from 
the  Punjab  examples  of  Davidson  (Quar.  Jour.  Geol.  Soc.  Lond., 
XYIII,  p.  30),  who  identifies  the  Devon,  Iowa  and  Punjab  forms.  The 
Michigan  forms  differ  from  all  the  others  in  the  rugose  exterior, 
giving  it  sometimes  the  aspect  of  Strophomena  rugosa;  but  as  they 
at  the  same  time  differ  among  themselves,  I  am  not  disposed  to 
hesitate  in  the  identification." 

'S^Tiat  Winchell  seems  to  have  in  view  are  forms  like  Sp.  19045, 
19060,  very  likely  a  Streptorhynchus,  or  Derbya. 

ORTHIS  lOWENSIS?  described  Proc.  Acad.  Nat.  Sci.,  Phila., 
1862,  p.  410,  as  follows: 

"Orthis  lowensis?  Hall.  (lo.  Eep.,  p.  488,  PI.  2,  Fig.  4.)  Some  casts 
in  my  possession  resemble  those  of  the  above  species.  Ventral 
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valve  nearly  circular,  regularly  convex,  with  deep  pit  in  the  beak 
between  the  dental  plates,  which  in  the  cast  produces  a  conical 
projection.  Middle  region  of  cast  with  three  faint  rounded  ridges 
radiating  from  the  beak  to  the  anterior  margin. 

"Locality.    Lighthouse,  Pt.  aux  Barques." 

Perhaps  this  is  represented  in  specimens  19073. 

To  this  list  of  Winchell's  Kominger  adds  without  giving  specific 
names  or  descriptions  a  number  of  genera  which  are  undoubtedly 
present,  viz.: 

Productus.  Compare  our  specimen  19062.  probably  two  species, 
not  very  large. 

Syringothyris.  Compare  what  we  have  said  above  under  Syringo- 
thyris  pMrovidna.  The  syringothyrids  are  among  the  abundant 
and  characteristic  fossils. 

Streptorhynchiis.  The  species  is  probably  the  same  as  that  re- 
ferred to  Ortliis  crenistria  by  Winchell,  the  two  names  being  more 
or  less  synonymous.    Cf.  Sp.  No.  19067. 

Rhynchospira,  is  very  likely  the  same  as  the  Enmetria  polypleura, 
Cf.  Sp.  1907.3,  and  Plate  X,  Figs.  13,  14. 

Spiriferina.  Most  of  the  specimens  being  casts  we  are  not  able 
to  identify  this  form  with  any  certainty. 

Terehrahila.  This  genus  we  have  not  been  able  to  identify.  It 
may  have  been  the  Merista. 

Cypricardelln  (barquei^sis).  The  hinges  not  being  generally  in  good 
state  of  preservation,  the  generic  references  of  all  the  lamelli- 
branchs  are  more  or  less  uncertain.  Compare  Sp.  19057.  Compare 
also  Cypricardia  and  Sphenotus  below.  Winchell  also  mentions  a 
Cypricardella  barqtiensis  (Proc.  Am.  Phil.  Soc,  1870,  p.  393)  as  occur- 
ring in  Northern  Michigan,  i.  e.,  Huron  county,  but  if  from  the 
Lighthouse  section  he  vould  not  have  included  it  in  the  Marshall. 
Rominger  may  have  seen  the  species  which  we  figure  as  Jlicrodon 
reservatus  (Plate  XI,  Fig.  3). 

Schizodics  apparently  extremely  common  and  abundant.  The  forms 
usually  resemble  extremely  those  figured  by  Herrick  on  plate  XVII, 
of  Vol.  VII  of  the  Ohio  reports.  Cf.  Sps.  19045  and  passim  to 
19073, 19082, 19260.  We  figure  on  Plate  XI,  Figs.  7  and  8,  Schizodus 
triangularis.  Many  of  these  shells  and  many  of  the  Spirifers  seem 
to  have  been  slightly  crushed  in  making  the  cast,  being  flattened 
and  cracked  on  the  more  tumid  part. 

Aviculopecten.   Pectinoid  forms  are  quite  common,  see  Specimens 
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Nos.  19050  and  19062,  but  I  judge  belong  mainly  under  Creriipecten, 
being  similar  to  Crmipecten  carolL    Compare  the  new  form  figured 
by  Cooper  as  Aviculopecten  areolatus  (Plate  XI,  Fig.  1). 
Gmiatites. 

Proetus,  the  glabellas  and  pygidia  of  a  species  of  Proetus  are  ex- 
tremely common,  more  rarely,  a  cheek  spine  or  bit  of  the  thorax 
may  be  found  (Specimens  19045,  19280  and  19281,  and  passim 
through  the  suite).  It  is  identified  by  Cooper  as  P.  missouriensis 
Shumard  (Plate  XI,  Figs.  14,  15)  described  below.  No  whole  spec- 
imen has  been  found  here. 

Cyatliocrinus.  Shorewashed  fragments  of  crinoid  stems  of  more 
than  two  species  are  not  uncommon.  Mr.  Cooper  has  found  one 
head.    (Specimens,  19068,  '09,  '70,  '73.) 

Bryozoa.  Fenestelloid  forms  are  not  uncommon,  but  so  far  have 
been  found  very  poorly  preserved.    (Specimen  19053.) 

Besides  the  above  forms  we  have  obtained  in  our  recent  collec- 
tions, forms  like  the  following  species.* 

Nautilus  strigatus,  Sp.  19047  (only  a  small  fragment);  compare 
also  Sp.  19053. 

NuGuUtes,  Sp.  19056  shows  a  row  of  teeth  on  the  hinge,  the  general 
shape  is  much  like  Cucullella  cultrata. 
Spirifer  centronatus  Win.,  Cf.  Sp.  19061. 

Solen  prisms  (not  solen,  solenopsis?).  Sp.  19064,  19045,  round 
with  flaring  ends. 

In  addition  to  the  re-identification  or  more  specific  identifications 
whic^h  have  already  been  mentioned  Mr.  W.  F.  Cooper  has  deter- 
mined the  following  species  (one  of  which  proved,  after  figuring,  to 
be  new). 

SPIRIFER  DELTOIDEUS  Herrick. 

1888.  Bpirifer  deltoideus.  Herrick,  Bull.  Denison  University,  Ohio, 
Vol.  IV,  p.  27,  PI.  2,  Fig.  7. 

1895.  SpU  ifcr  deltoideus.  Herrick,  Geo].  Survey,  Ohio,  Vol.  VII, 
PI.  15,  Fig.  7. 

The  description  of  this  species  as  originally  given  is  as  follows: 
"Shell  of  medium  size,  quite  gibbous,  triangular  in  outline,  hinge 
equalling  the  extreme  width;  anterior  margin  angulated  in  the  mid- 
dle, forming  with  the  hinge  roughly  an  isosceles  triangle  of  45°; hinge 
apparently  not,  or  but  slightly  mucronate.  Dorsal  valve  prominently 


•study  has  not  been  careful  enough,  nor  opportunity  of  Identification,  and  in 
many  cases  state  of  preservation  good  enough,  to  warrant  any  decided  Identifica- 
tions as  yet. 


262 


HUROX  COUNTY. 


convex  along  the  longitudinal  axis,  rather  strongly  arched;  beak 
moderately  prominent,  fold  triangular,  rather  high,  sides  of  shell 
sloping  rapidly  from  it  toward  the  sides.  Surface  covered  by  nearly 
sixty  small  rounded,  persistent  strite.  which  rarely  bifurcate  near 
the  front.  From  eight  to  ten  striae  fall  upon  the  fold  which  in  spite 
of  its  prominence  (and  because  of  the  similar  convexity  of  the  valve) 
is  poorly  defined.  Ventral  valve  very  convex,  provided  with  a  deep, 
triangular,  but  narrow  sinus  and  sculptured  on  the  dorsal  valve. 
Width  of  dorsal  valve,  37  mm.,  height  29  mm. 

"All  the  specimens  are  casts  of  separate  valves  in  the  sandy 
parts  of  conglomerate  I.  There  is  reason  to  accept  the  suggestion 
made  in  the  last  volume,  that  this  species  forms  a  link  between  the 
.S^.  marionensis  and  S.  stratifonnls." 

Formation  and  Locality.  In  the  conglomerate  bed  at  Point  aux 
Barques  light,  Huron  county,  Michigan.  This  species  was  originally 
described  from  the  same  horizon  at  the  Dugway  quarry  three  miles 
west  of  Newark,  Ohio,  where  it  is  found  in  conglomerate  I.  Michigan 
Geological  Survey  Collection,  Xo.  19264.  (Plate  X,  Fig.  4  of  this 
report. 

ATICI  LOPECTEN  AREOLATUS,  n.  sp.  Cooper  [Crenipecten?] 
Plate  XI,  Fig.  1. 

Shell  sub-ovate,  oblique  to  the  hinge  line;  length  slightly  greater 
than  the  height;  anterior  and  basal  margins  regularly  rounded.  Left 
valve  slightly  convex,  reaching  its  greatest  convexity  at  about  one- 
third  the  length  of  the  valve  from  the  beak.  Hinge  line  straight, 
having  a  length  equalling  three-fifths  of  the  greatest  length  of  the 
shell.  Beak  well  defined,  projecting  slightly  beyond  the  hinge  line. 
Ears  triangular,  equal,  the  anterior  one  meeting  the  body  of  the  shell 
at  a  more  obtuse  angle.  Test  ornamented  with  about  65  sharp  rays 
of  unequal  size  which  are  crossed  with  finer  concentric  striae.  In  the 
anterior  portion  of  the  shell  the  rays  are  arranged  in  irregular  fasci- 
culi which  are  crowded  out  towards  the  hinge  line.  On  the  speci- 
men before  us  the  first  15  rays  below  the  anterior  ear  have  a  tri- 
partite division  and  converge  in  three  bundles  towards  the  hinge 
line.  This  feature  is  sufficient  to  separate  it  from  any  other  species 
of  which  I  know. 

Formation  and  Locality.  From  the  sandstone  layer  at  Point  aux 
Barques  light  house  in  the  upper  Coldwater,  1.  e.,  middle  Waverly 
group.    Michigan  Geological  Survey,  Collection  Xo.  19278. 

EDMOXDIA  CF.  BFXUMBOXATA  A.  Winchell.  Figured  here. 
Plate  XI,  Fig.  5. 

"Shell  medium  size,  quadrate;  height  equal  to  two-thirds  the 
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length;  basal  margin  slightly  arcnato  in  the  middle,  regularly  curv- 
ing into  the  anterior  and  jjosterior  extremities.  Anterior  end 
straight,  regularly  rounded  underneath  the  uuibonal  ridge,  forming 
with  the  slightly  arcuate  posterior  portion  an  expanding  margin 
which  increases  dorsally.  Cardinal  line  nearly  straight.  Right 
valve  regularly  convex,  the  greatest  convexity  being  in  front  of  the 
center  of  the  shell.  Principal  umbonal  slope  running  to  the  posterior 
extremity  of  the  ventral  border,  a  shorter  one  almost  equally  ele- 
vated, extending  to  the  anterior  extremity,  which  is  more  abruptly 
elevated  than  the  posterior  end.  Beaks  depressed  and  incurved.  Sur- 
face marked  by  line,  concentric  stri;e,  which  are  unequally  fascicu- 
late, sometimes  making  conspicuous  varices  of  growth." 

This  species  is  not  identical  with  the  form  described  by  Winchell 
as  E.  binumhonata,  which  is  a  Schizodus.  The  hinge  line  is  not  short 
posterior  to  the  beaks  as  in  his  description.  From  Schizodus  subovata 
Hall,  it  may  be  distinguished  by  its  straight  anterior  end  and  de- 
pressed beak  which  does  not  extend  over  the  hinge  as  in  that  species. 

Formation  and  Locality.  The  specimen  here  figured  is  from  the 
light  house  at  Point  aux  Barques,  Huron  county,  where  it  occurs  in 
the  Coldwater  or  middle  Waverly  formation.  Michigan  Geological 
Survey  Collection,  19277. 

SPHENOTI  s  .  i:()LI  S  Hall.   Figured  here,  Plate  XI,  Fig.  G. 

1870.  Sanyiiinolitts  wolus.  Hall.  Pal.  N.  Y.,  Vol.  V,  Part  I, 
Prel.  Not.  Lamell,  2,  p.  4(i. 

1875.  SanguinoUtes  teolus.  Meek.  Pal.  Ohio,  Vol.  II,  p.  307,  PI. 
16,  Figs.  la-c. 

1885.  Si)heiioti(s  wohis.  Hall.  Pal.  X.  Y.,  ^'ol.  ^^  pt.  I.  p.  404,  PI. 
66,  Figs.  31-35. 

188.  SanguinoUtes  ccolus.  Herrick,  Bull.  Denison  University, 
Ohio,  Vol.  Ill,  p.  70,  PI.  8,  Figs.  1,  11. 

This  species  which  has  been  admirably  described  by  Meek  in 
Volume  II  of  the  PaljEontology  of  Ohio  is  stated  by  him  as  coming 
from  the  Cuyahoga  shale  at  Medina  county,  Ohio,  from  the  same 
horizon  as  at  Xewark,  Ohio.  As  Orton  and  Herrick  limit  the  term 
these  beds  do  not  form  a  part  of  the  Cuyahoga  series.  At  Xewark, 
Ohio,  the  sandstone  beds  which  almost  uniformly  form  the  quarry 
rock  in  central  Ohio,  are  a  part  of  the  middle  Waverly  or  lower 
Logan  and  are  at  least  40  feet  above  the  typical  Cuyahoga,  which 
in  Licking  county  outcrops  farther  west.  In  Huron  county  this  form 
is  of  value  as  coming  from  beds  of  the  same  horizon  (middle 
Waverly),  and  lithological  character  as  outcrops  in  a  north  and 
south  line  from  Portsmouth,  Ohio,  to  a  point  north  of  Wooster. 
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Shell  elongate,  ovate,  posterior  end  regularly  rounded,  anteriorly 
it  slopes  abruptly  from  the  beak  with  a  distinctly  concave  outline 
to  the  most  prominent  part  of  the  front  margin  which  is  above  the 
middle,  narrowly  rounded  below;  basal  margin  straight  or  slightly 
elliptical,  sub-parallel  to  the  base;  cardinal  line  nearly  straight  or 
slightly  convex;  beak,  small,  well  defined,  depressed,  projecting 
forward  and  placed  about  one-seventh  the  distance  from  the  anterior 
end  of  the  shell. 

Surface  marked  with  rather  distinct  concentric  lines  with  fur- 
rows and  ridges  which  have  a  tendency  to  become  well  defined 
anteriorly. 

Formation  and  Locality.  From  the  middle  Waverly  or  lower 
Marshall  at  Point  aux  Barques  light  house.  Mich.  Geol.  Survey 
Coll.  No.  19260. 

SCHIZODUS  TRIANGULARIS,  Herrick.  Figured,  Plate  XI, 
Figs.  7  and  8. 

1888.  Macrodan  ?  triangularis.  Herrick;  Bull.  Denison  Uni- 
versity, Ohio,  Vol.  Ill,  p.  74,  PI.  VIII,  Fig.  8. 

1888.  Scliizodm  triangularis.  Herrick;  Bull.  Denison  University, 
Ohio,  Vol.  IV,  p.  116,  PI.  VI,  Figs.  10,  13. 

1895.  Scliizodm  triangularis..  Herrick:  Geol.  Survey,  Ohio,  Vol. 
VII,  PI.  XVII,  Figs.  10,  13. 

Shell  medium,  subtriangular  in  outline,  convex;  hinge  line  very 
short;  anterior  end  slightly  convex,  contracted  beneath  the  beak  and 
rounded  below,  A-entral  line  gently  convex  anteriorly,  incurving  an- 
terior to  the  umbonal  ridge;  posterior  margin  nearly  straight,  very 
oblique  to  the  hinge;  post-umbonal  slope  abrupt,  slightly  concave, 
anteriorly  the  umbonal  ridge  is  gently  rounded  and  depressed  an- 
terior to  the  ridge,  producing  a  deflection  in  the  ventral  margin; 
umbones  rather  broad,  depressed,  projecting  beyond  the  hinge  line. 

This  species  is  more  nearly  related  to  8.  aequalis  Hall,  than  any 
other  form,  but  the  beak  is  not  sub-central  as  in  that  species,  and  the 
posterior  margin  is  less  produced. 

Formation  and  Locality.  Abundant  in  the  middle  Waverly  or 
lower  Logan  sandstone  above  the  conglomerate  at  Point  aux  Barques 
lighthouse,  Huron  county,  Michigan.  This  species  is  also  found  in 
the  same  horizon  at  Granville,  Licking  county,  Ohio.  Michigan 
Geological  Survey  Collection  19256,  19257. 
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SCHIZODUS  BINFMBONATA  cf.  ^.QCIMARGINALIS  Win- 
chell.  Proc.  Acad.  Nat.  Sci.  Phila.,  1862,  p.  413.  Figured  liere; 
Plate  XI,  Fig.  9. 

The  original  description  reads  as  follows: 

"Shell  of  moderate  size,  i-otnnd  quadrate,  very  tumid.  Hinge  line 
short,  posterior  to  the  beaks;  posterior  margin  forming  with  it  a 
very  obtuse  angle;  anterior  slope  straight,  forming  a  rounded  right 
angle  with  the  slightly  curved  ventral  border  which  is  nearly  parallel 
with  the  hinge  line,  and  joins  the  posterior  slope  by  a  regular  curve. 
Beaks  depressed  and  incurved;  greatest  thickness  through  the  mid- 
dle of  the  shell;  principal  umbonal  slope  running  to  the  posterior 
extremity  of  the  ventral  border;  a  subsidiary  one  running  to  the 
anterior  extremity;  between  these  the  surface  is  subcylindrical ;  an- 
terior to  them  it  descends  abruptly  to  the  anterior  margin,  while 
behind  them  it  sinks  at  first  rather  abruptly,  and  near  the  posterior 
border  presents  a  little  flattening.  Surface  (of  cast)  marked  by  eight 
or  ten  concentric  furrows.    Anterior  lunule  excavated. 

"Distance  measured  along  the  principal  umbonal  slope  (in  inches) 
.85  (100);  length  from  anterior  to  posterior  extremity  .85  (100);  an- 
terior slope  .59  (69);  convexity  of  right  valve  .24  (28);  angle  between 
anterior  cardinal  slope  and  principal  umbonal  line  70°." 

Formation  and  Locality.  The  type  species  is  described  as  coming 
from  Marshall.  The  form  here  figured  is  from  the  Upper  Coldwater 
(Cuyahoga)  as  that  term  is  now  understood;  from  Point  aux  Bar- 
ques lighthouse,  Huron  county,  Michigan.  This  is  equivalent  to  the 
middle  Waverly  or  lower  Logan  of  Ohio.  Michigan  Geological  Sur- 
vey Collection.  19262. 

PROTHYRIS  MEEKI,  Winchell.    Plate  XL  Fig.  10. 

1875.  Prothyris  meeJci,  Winchell  (Ms.)  Pal.  Ohio.  Vol.  IL  p.  305, 
PI.  XV,  Fig.  2. 

1888.  Prothtjris  mccki,  Herrick,  Bull,  Denison  U.,  Ohio,  Vol.  Ill, 
p.  66,  PI.  VIII,  Fig.  7. 

1888.  Protliijns  mrcki,  Herrick,  Bull,  Denison  U.,  Ohio,  Vol.  IV, 
PI.  IV,  Fig.  2. 

1895.  Prothyris  meeM,  Herrick,  Ohio  Geol.  Survey,  Vol.  VII.  PI. 
XVI,  Fig.  2. 

Shell  varying  from  narrowly  elongate  to  elongate;  rhombic  in 
shajie.  greatest  width  about  one-third  the  length;  dorsal  and  ventral 
mai  gins  siih  parnllcl,  the  h)wer  margin  being  either  sti-aight  or 
slightly  arcuate,  while  the  cardinal  liiu'  in  normally  ])i-eser\  <  (1  s]ieci- 
mens  is  convex,  the  greatest  convexity  being  usually  alMmi  (uie  third 
distant  from  the  posterioi'  end;  umbonal  ridge  well  detined  trending 
;U-Pt.  II. 
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towards  the  ventral  portion;  ventral  portion  of  the  unibonal  ridge 
depressed  from  the  central  portion  of  the  basal  margin  to  the  beaks; 
beak  depressed,  situated  about  one-sixth  the  distance  from  the 
anterior  end. 

Surface  marked  with  concentric  lines  of  growth. 

Formation  and  Locality.  This  species  is  found  in  central  Ohio  in 
strata  either  above  or  below  the  conglomerate  II  in  the  Waverly. 
The  specimen  here  figured  is  incompletely  preserved.  It  is  from 
the  sandstone  beds  over  the  conglomerate  at  Point  aux  Barques 
lighthouse,  Mich.  Geol.  Sur.  Collection  Xo.  19261. 

PROETUS  MISSOf  RIEXsiS,  Shumard.   Plate  XI,  Figs.  14,  15. 

1855.  Proctus  missourieu-sis.  1st  and  2d  Geological  Rep.  Missouri, 
p.  196. 

1862.  Proetus  auriculatus,  Hall,  15th  Rep.  X.  Y.  State  Cab.  Xat. 
Hist.,  p.  107,  and  Pal.  X.  Y.  Vol.  VII,  p.  133,  PI.  Ill,  Fig.  32. 

1895.  Proetus  ain  kulatns,  Herrick,  Geol.  Surv.  Ohio,  Vol.  VII,  PI. 
XIV,  Figs.  14,  15. 

For  description  of  this  species  the  student  is  referred  to  the  pre- 
ceding publications.  The  glabella  and  pygidium  (head  and  tail 
shields)  are  figured  here  on  account  of  the  value  in  connection  with 
the  associated  fauna.  In  Licking  county,  Ohio,  it  only  occurs  in 
the  freestones  of  the  middle  Waverly  between  conglomerate  I  and 
II.  Its  position  at  Point  aux  Barques  lighthouse  is  just  over  the 
conglomerate  where  it  is  found  yerj  abundantly  along  with  Schizo- 
dus  trianguloris.  The  specimens  here  illustrated  came  from  that 
horizon  and  place.    Mich.  Geol.  Sur.  Collection,  19280,  19281. 

0RTH0CERA8  BARQUIANUM,  Win.  described  as  follows.  Am. 
J.  Sci.,  (Second  series)  XXXIII.  p.  356. 

"Septate  portion  of  shell  more  than  4^  inches  long;  greater  apical 
angle  (i.  e.  the  one  formed  by  the  sides  which  are  not  compressed), 
about  10°;  tranverse  section  an  ellipse  whose  minor  axis  is  to  the 
greater  as  .35:  .50  =  1.43;  septa  somewhat  oblique,  making  an  angle 
of  8°  to  10°  with  a  transverse  plane;  most  elevated  near  one  ex- 
tremity of  the  longer  diameter;  amount  of  concavity  and  position  of 
siphon  unknown;  distance  between  the  septa  about  one-fifth  the 
greater  axis  at  the  same  place.  Xo  surface  markings  evident  from 
an  examination  of  casts. 

"Locality.  Xear  the  lighthouse  at  Point  aux  Barques  in  a  hard 
bluish  sandstone  embraced  in  the  shales  of  the  Huron  group.  (See 
Huron  group,  (c)  of  the  preceding  table). 

"This  species  may  possibly  prove  identical  with  the  preceding,  but 
its  apical  angle  is  somewhat  less,  its  septa  more  oblique,  its  section 
more  eccentric,  and  its  geological  position  considerably  lower." 
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In  the  shaly  beds  of  the  Lighthouse  Point  section  we  find  much 
the  same  fauna  as  that  which  is  from  the  sandstone  layers,  mainly  D. 
of  p.  The  Producti  and  Orthis  vaniixemi  or  Chonetes  are  more  promi- 
nent. We  have  also  Camarotoechia  and  apparently  ostracoda.  Sp. 
19076,  19077.    There  are  also  flattened  spirifers  (Sp.  19075-19078). 

A  very  calcareous  facies  shows  Syringothyris  and  crinoids  still 
abundant.  The  very  purest  shale  is,  however,  nearly  destitute  of 
fossils.  Among  the  bryozoa  there  are  two  types  well  recognized 
though  poorly  preserved,  the  one  like  Fenestella,  the  other  rounded 
branching  forms,  Sp.  19082,  more  of  the  Stictopora  type  preserved 
only  in  casts. 

Though  not  a  fossil,  the  interesting  bit  of  black  shale,  almost  coal, 
rounded  and  polished  like  jet,  which  occurs  as  a  fragment  in  the 
conglomerate  should  be  noted  in  this  connection. 

Taking  the  lamellibranchs  first,  the  abundance  of  Schizodus,  and 
Pecten  forms,  indicate  the  Carboniferous.  Among  the  more  obscure 
forms,  the  thin  shelled  casts  of  forms  like  Sanguinolites,  Cypricar 
della,  Sphenotus,  Solon  or  Solenopsis,  thin  gaping  mollusks  with 
anterior  beaks  is  also  according  to  Zittel  indicative  of  the  Carboni- 
ferous. 

Among  the  brachiopods  the  Terebratula,Retzia  and  Merista  forms, 
are  too  uncertain  in  generic  identification,  and  too  little  character- 
istic anyway  to  count  for  much,  though  the  Athyris  or  Martinia  is 
rather  Carboniferous. 

The  numerous  species  of  Spirifers,  have  both  Devonian  and  Car- 
boniferous forms,  though  the  presence  of  so  many  forms  with  a 
striated  sinus,  leads  one  to  think  of  the  Carboniferous.  The  Spiri- 
ferina  would  point  the  same  way;  the  Syringothyris  is  even  more 
strongly  indicative.  The  trilobite  almost  certainly  Proetus 
missouriensis  points  to  the  early  Carboniferous  or  Devonian.  The 
Orthis  points  the  same  way,  though  the  large  flat  forms  like  O. 
michelini,  and  the  forms  like  Streptorhynchus  and  Derbya,  are  also 
early  Carboniferous. 

The  Rhynchonellas  mean  little,  but  the  Producti  are  significant  of 
the  Carboniferous.  Being  rather  small  we  think  first  of  the  lower 
Mississippian. 

The  Orthoceras  is  pre-eminently  early  Palaeozoic,  though  abundant 
yet  in  the  Carboniferous. 
Taken  altogether  we  incline  to  override  Winchell's  judgment* 


»A.  Phil.  Soc,  1870,  p.  386. 
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and  assign  this  horizon  as  well  as  those  above  to  the  Carboniferous. 
On  this  connection  we  must  not  overlook  the  pebble  of  coaly  shale. 
If  this  be  from  the  Genesee,  the  Devonian  black  shale,  it  indicates 
that  some  part  of  the  Devonian,  had  been  turned  to  coal,  elevated  and 
eroded  before  the  epoch  of  the  Lighthouse  conglomerate.  This  test 
is  commonly  used  in  Archaean  geology  for  making  the  greater 
divisions. 

We  have  noticed  in  Chapter  II  that  Winchell  in  assigning  these 
strata  to  the  Devonian  seems  to  have  done  so  on  the  principle  of 
giving  your  opponent  the  most  possible.  On  a  doubtful  identifica- 
tion of  four  species,  he  yields  this  much  to  those  who  wished  to 
claim  the  whole  series  as  Devonian,  saying  "that  the  equivalencies 
of  these  rocks  are  not  very  precisely  indicated  from  palaeontological 
data." 

When  we  compare  with  Herrick's  lists,  we  see  that  we  can  find 
possible  synonyms  for  almost  every  one  of  our  forms  in  his  lists  of 
forms  within  30  feet  above  and  below  Conglomerate  I,  at  the  base 
of  his  division  II  or  Kinderhook.  Yet  the  lists  and  forms  do  not 
appear  to  be  precisely  the  same.  The  extreme  wealth  of  fauna,  and 
especially  the  occurrence  of  different  species  of  the  same  genera, 
suggests  an  intermixture  of  two  faunas  in  process  of  migration  (and 
rapid  evolution?)  so  that,  for  example  Syringothyris  may  have 
existed  a  little  earlier  in  Michigan  than  in  Ohio,  and  Orthoceras  like 
0.  rushensis  a  little  later.  Plate  X,  Figs.  3  to  10.  13,  14  and  Plate  XI, 
Figs.  1,  5,  6,  7,  8,  9,  14,  15,  give  a  view  of  some  of  the  more  char- 
acteristic forms. 

(3).    Huron  City  zone. 

No  fossils  appear  to  have  been  collected  from  this  belt  by  Win- 
chell, and  he  probably*  considered  these  sandy  beds  at  Huron  City 
as  equivalent  to  the  quarry  beds  at  the  base  of  his  Marshall,  whereas 
they  are  really  some  84  feet  below  the  quarry  beds.  Kominger  notes 
a  Ehynchonella  as  abundant,  and  Productus  as  also  present.  He 
mentions  Fucmdcs  Cauda  galli?  on  surface  of  the  same  bed. 

CAMAROTCECHIA  {RHTNCEONELLA)  CAMERIFERA,  Sp. 
19036,  19273,  19274,  Plate  X,  Figs.  11,  12;  many  specimens  agree 
better  with  this  species  than  any  other  described  by  Winchell,  and 
are  very  abundant,  somewhat  smaller  than  the  rhynchonellas  of 
Lighthouse  Point.  Others  show  hardly  any  mesial  sinus,  and  other- 
wise agree  with  Winchell's  descriptions  of  other  species. 


•Report  1S60,  p.  74. 
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The  original  description  of  tlie  species  is  given  by  Dr.  Winchell: 

"Shell  of  moderate  size,  tumid;  beak  of  ventral  valve  projecting 
and  slightly  upturned;  cardinal  slopes  straight,  at  right  angles; 
sides  of  the  shell  rounded;  front  margin  similarly  rounded  or  some- 
what straight,  not  infrequently  produced  on  one  side  of  the  mesial 
sinus.  Dorsal  valve  nearly  circular,  a  little  more  covered  than  the 
ventral,  most  convex  anterior  to  the  middle,  and  rather  abruptly 
bent  down  in  front.  Ventral  valve  with  a  shallow  sinus,  which  ex- 
tends back  abaut  one-fourth  the  length  of  the  valve,  corresponding 
to  the  fold  in  the  dorsal  valve;  most  convex  between  the  beak  and 
the  middle;  dental  plates  parallel,  well  developed,  teeth  at  right  an- 
gles, elongate,  growing  stouter  anteriorly,  with  handsomely  crenu- 
lated  margins;  mesial  partition  of  the  dorsal  valve,  extending  nearly 
one-half  its  length,  thickening  near  the  beak,  to  give  place  for  the 
excavation  of  a  small  chamber  near  the  septum.  Shell  with  20  or  21 
(a  variety  ?  with  10)  sharp  plications,  of  which  three  or  four  are 
comprised  in  the  mesial  sinus;  these  are  crossed  by  a  few  squam- 
ose  concentric  wrinkles;  shell  structure  fibrous. 

"Length  of  an  average  specimen"  [inches]  ".38  (100);  breadth  .34 
(90);  thickness  .19  (50)." 

Formation  and  Locality.  The  type  species  is  found  most  abun- 
dantly on  the  road  leading  west  from  Grindstone  City  and  in  the 
valley  of  Willow  river  about  3  miles  south  of  Huron  city,  with 
Romingerina  julia.  The  species  here  figured  are  from  the  bed  of 
Willow  Kiver  near  Huron  City. 

"Locality.  Point  aux  Barques,  in  a  conglomeratic  ferruginous 
sandstone  overlying  the  gritstones  of  the  Marshall  group — myriads 
of  casts  sometimes  forming,  with  Centronella  julia,  the  whole  mass 
of  the  rock. 

"The  small  chamber  in  the  mesial  septum  of  the  dorsal  valve  is  an 
interesting  and  unique  character.  On  a  similar  cameration  of  the 
septum  of  the  ventral  valve  of  some  Cyrtias  the  genius  Cyrtina  has 
been  founded;  and  Prof.  King  established  his  Camarophoria  on  the 
formation  of  an  arch  in  the  ventral  valve  by  the  approximation  of  the 
dental  planes. 

"This  species  has  the  external  appearance  of  the  young  of  R.  in- 
crcbescens,  but  amongst  thousands,  none  attain  proportions  very 
different  from  those  given  above." 

This  associated  with  Romingerina  julia,  makes  a  well  marked 
zone,  220  feet  below  the  top  of  the  Lower  Marshall  and  forty  feet 
above  the  grindstone  beds. 

Productus  is  still  small. 

Scolithus,  flattened,  nearly  vertical  tubes,  worm  borings  or  as 
likely  tracks  of  some  lamellibranch.   Sp.  19036. 

Schizodus  triangularis,  smaller  than  some  at  Lighthouse  Point, 
but  almost  exactly  like  others,  about  20  mm.  long,  Sp.  19037. 
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Myalina,  cf.  nJiitficldanus,  Sp.  19037,  a  small  pointed  form. 
Sphenotus?    Sp.  19037. 

Crenipecten  toinchelli?  There  are  a  number  of  pecten  fragments. 
Sp.  19039,  and  it  is  characteristic  that  the  ribs  are  bifurcated.  ^Tiat 
seems  to  be  a  smaller  species  is  more  marked  by  squamous  lines  of 
growth.    These  are  not  Lyriopecten,  but  may  be  Crenipecten. 

There  is  also  the  cast  of  the  umbilicus  of  some  gastropod  like 
Pleurotomarva?    Sp.  19041. 

There  is  a  small  Nucula  form  about  like  JSf.  iowensis.    Sp.  19040. 
Specimens  19038  and  19042  are  fossil  forms  that  I  cannot  determine,  ^ 
even  approximately. 

MICRODON  RESERTATUS  Hall.     Figured  here.     Plate  XI, 
Fig.  3. 

1870.  Microdon  reservatus,  Hall,  Pal.  X.  Y.,  Vol.  V.  Part  I,  Prel. 
Xot.  Lamell.,  2,  p.  33. 

1885.  Microdon  reservatus,  Hall,  Pal.  X.  Y.,  Vol.  II,  Pt.  I,  p.  312; 
PI.  74,  Figs.  11-13. 

1888.  Microdon  reservatus?  Herrick,  Bull.  Denison  Univ.  Vol.  Ill, 
p.  75,  Fig.  14. 

1895.    Microdon  reservatus,  Herrick,  Geol.  Survey,  Ohio,  Vol.  7, 
PI.  17,  Fig.  9. 

This  species  which  is  found  abundantly  in  the  freestones  of  the 
middle  Waverly  or  lower  Logan,  Licking  county,  Ohio,  and  in  the 
valley  of  Willow  river,  south  of  Huron.  City,  Michigan,  is  rather 
above  medium  size,  rhomboid  ovate,  slightly  convex;  beak  (situated 
two-sevenths  from  the  anterior  end  of  the  shell)  depressed  small, 
projecting  little  above  the  hinge  line;  anterior  end  declining  some- 
what abruptly  from  the  beak;  cardinal  line  and  ventral  margin 
gently  curved;  anterior  and  posterior  muscular  impression  situated 
in  the  upper  half  of  the  shell  connected  by  a  pallial  line. 

Formation  and  Locality.  From  the  valley  of  Willow  river  just 
south  of  Huron  City,  Michigan,  in  yellow  sandstone  beds  of  the  lower 
Marshall  or  middle  Waverly.  Also  found  in  Licking  county,  Ohio, 
in  strata  of  the  same  age  and  character.  Michigan  Geological  Sur- 
vey Collection  19258.  Similar  forms  occur  in  blue  shales.  Sp. 
19043.  Sp.  19106  is  in  this  division  also,  and  is  perhaps  a  rush  im- 
pression. The  extreme  abundance  of  rhynchonelloids  reminds  one 
of  the  zone  of  Romingerina  julia,  a  little  higher  up. 

(4).  Poiut  aux  Barques  zone;  85-260  feet  below  the  top  of  Lower 
Marshall. 
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We  can  distinguish  here  two  or  three  slightly  different  faunal 
stages  but  as  they  cannot  be  certainly  distinguished  in  Winchell's 
descriptions  we  are  obliged  to  group  them,  and  there  is  after  all  no 
great  difference.  Winchell  describes  a  number  of  Rhynchonellas, 
Proc.  Acad.  Nat.  Sci.,  Phil.,  1862,  pp.  407-409,  viz.: 

Rhynclionella  camerifera,  described  above  and  figured  here  on 
Plate  X,  Figs.  11,  12. 

RHYNCHONELLA  SUBCIRCL  LARIS,  characterized  by  lack  of 
mesial  fold,  described  as  follows: 

"  n.  sp.  Shell  small,  cuneate-rotund,  subtumid.  Ventral  valve, 
unknown.  Dorsal  valve  with  a  blunt  depressed  beak,  equalling  the 
hinge,  a  moderately  elevated  umbo  from  which  the  surface  slopes 
with  gentle  convexity  to  the  lateral  and  anterior  margins,  and  ab- 
ruptly, with  slight  excavation,  toward  the  superior  portion  of  the 
rounded  hinge-margins.  Surface  marked  by  about  32  fine  rounded 
plications,  which  reach  from  the  margin  half  way  to  the  beak. 
Mesial  fold  wanting.  Mesial  septum  extending  one-fifth  the  length 
of  the  shell. 

"Length  of  dorsal  valve  .25  (100);  breadth  .259  (100);  convexity  .08 
(34). 

"Locality,  (irindstonc  (luanies.  Point  aux  P»ar(i|nes,  with  R. 
camerifcni.  Tliis  sjx'cics  is  a  close  analogue  (if  A'.  r(////rf?/,s\  Phillips, 
sp.  Geol.  Vorks.  ij-':!,  PI.  XII,  pp.  4(1.  41.  fium  thr  ( 'ai-bonifcrous 
limestone  of  Bollard." 

ROMINGERINA  [CENTRONELLA]  JULIA,  described  Proc. 
Acad.  Nat.  Sci.,  1862,  p.  405. 

"Centronella  julia,  n.  sp.  Shell  small,  nearly  circular,  ranging 
from  slig-htly  elongate  to  transverse,  and  squarely  rounded;  both 
valves  with  regular  lens-like  convexity,  sometimes  with  a  gentle 
ridge  running  the  length  of  the  ventral  valve,  and  a  slight  sinuation 
near  the  margin  of  the  dorsal.  Ventral  valve  with  a  moderate  beak, 
circularly  foraminated,  turned  up  at  a  right  angle,  covering  the  beak 
of  its  fellow.  Area  entirely  wanting.  Shell  obsoletely  striate  con- 
centrically, and  having  a  minutely  punctate  structure.  Apophysary 
system  as  follows:  A  delicate  ribbon-like  loop,  originates  from  the 
stout  blunt  crura  of  each  side  of  the  socket  valve,  having  its  flat  sides 
at  first  vertical ;  the  two  branches  of  the  loop  proceed  at  first  in  lines 
parallel  or  a  little  convergent,  and  then  gradually  diverge,  widening 
as  they  proceed,  and  assuming  an  inclined  position,  until,  ap- 
proaching the  front  of  the  valve  by  a  regular  curvature,  the 
lower  edge  has  become  anterior,  giving  the  band  an  angle  of 
30°  with  the  plane  of  the  shell;  approaching  the  median  line 
the  band  rapidly  widens  and  the  front  margin  is  drawn  for- 
ward in  a  long  acumination,  while  the  inner  margin  is  regularly 
concave^  except  that  near  the  median  line  it  turns  abruptly  forward 
so  as  to  meet  that  line  at  an  acute  angle.  The  loop  thus  forms  an 
urceolate  figure  on  its  inner  margin,  and  on  the  outer  a  somewhat 
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oral  one  truncated  behind  and  attenuately  acuminate  before.  In 
the  median  line  where  the  two  branches  meet,  both  are  suddenly  de- 
flected downwards,  forming  a  double  vertical  plate,  not  quite  reach- 
ing the  ventral  valve,  the  upper  edge  of  which,  when  viewed  from 
the  side,  is  flatly  roof-shaped,  while  the  lower  edge  describes  two 
convexities,  the  greater  anterior,  leaving  a  notch  between  them. 
The  surfaces  of  the  loop  and  median  plate  are  covered  with  minute 
obliquely  conical  pustules,  in  some  places  seeming  to  become  spinu- 
lous.  The  casts  exhibit  on  the  ventral  side  a  delicate  impressed  line 
extending  from  the  beak  to  the  middle,  and  on  the  right  and  left  of 
this  a  fainter  one;  on  the  dorsal  side  a  median  impression  with  two 
fainter  ones  on  the  right,  and  two  on  the  left — the  median  termina- 
ting rostrally  upon  a  small  pyramidal  process  (filling  the  beak  of  this 
valve)  separated  by  a  short  slit  (made  by  the  socket  ridge)  from  a 
smaller  isolated  process  on  each  side. 

"Length,  breadth  and  thickness  of  an  average  specimen:  .31  flOO), 
.29  (94)  and  .15  (48)." 

Locality.  Grindstone  quarries.  Point  aux  Barques,  in  a  con- 
glomeritic  ferruginous  sandstone  overlying  the  gritstones  of  the 
Marshall  Group,  abundant.  Figured  and  assigned  to  Cryptonella  by 
Hall,  Am.  J.  Sci.,  XXXV,  p.  400,  but  reclaimed  by  Winchell  in  the 
Proc.  Acad.  Xat.  Sci.  Phil.,  1865,  p.  123,  and  the  figure  used  again  in 
his  Geological  Studies.  Figured  also  by  Hall,  Pal.  New  York,  IV, 
1867,  p.  419.  PI.  61A.  Figs.  41-46;  Herrick,  Bull.  Denison  Univ.,  Vol. 
Ill,  p.  49,  PI.  II,  Fig.  5.  Made  type  of  this  genus  and  named  after 
State  Geologist  C.  Eominger  by  Hall  and  Clarke,  "Introduction  to 
study  of  Brachiopods,"  Pt.  2,  PI.  52,  Figs.  14,  15  and  Pal.  X.  Y..  Vol. 
VIII,  Pt.  2,  PL  79,  Figs.  28-30.  It  occurs  with  Canmrotoechia 
Camerifera,  and  makes  a  marked  zone,  to  which  belong  specimens 
19012,  19094,  19092. 

PTERIXEA  CARDINATA  (Cf.  Sp.  19094).  Described  Proc.  Acad. 
Xat.  Sci.  Phila.,  1862,  p.  412. 

''Pterinea  cardinata,  n.  sp. — Shell  small,  hinge  line  extremely 
elongate,  posteriorly  terminating  in  an  angle  of  40^,  separated  by  a 
slight  sinuation  from  the  body  of  the  shell;  ventral  margin  trans- 
versely semi-elliptic;  anterior  wing  short,  saccate;  anterior  margin 
forming  with  dorsal  line  an  angle  of  about  45°.  Beak  flattened,  not 
elevated  above  the  hinge;  umbonal  slope  terminating  at  the  middle 
of  the  ventral  border,  opposite  which  is  the  greatest  width  of  the 
shell;  descent  from  the  umbonal  slope  to  the  antero-ventral  border 
very  abrupt.  Surface  of  cast  showing  numerous  faint  concentric 
grooves  which  are  most  conspicuous  in  the  postumbonal  region. 

•'Length  of  hinge  .65  in.  (100);  greatest  width  of  shell  .21  (32i;  con- 
vexity of  right  valve  .06  (9) ;  length  of  anterior  wing  .06  (9 1. 

"Locality.  Grindstone  quarry.  Point  aux  Barques,  with  Caniaro- 
toechia  (Rhynclionella)  camerifera,  etc. 
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"This  species  differs  from  P.  elmgata,  Goldf.  (Petref.  Germ,  i,  135 
Taf.  CXIX  5),  in  having  a  much  smaller  body,  and  less  distinct  from 
the  alate  extremities/' 

iMYALINA  PTERINJEFORMIS,  described  same  page. 

"n.  sp.  Shell  small,  equivalve,  obliquely  elongate,  with  an  alate 
posterior  expansion,  which  is  suddenly  thickened  above  to  form  the 
basis  of  the  straight  elongated  hinge  line.  Beaks  subterminal,  ob- 
tuse, incurved,  elevated  a  little  above  the  hinge;  midumbonal  slope 
making  an  angle  of  about  35°  with  the  dorsal  margin;  from  the  upper 
portion  the  declivity  is  steep  to  the  hinge  on  the  posterior  side,  while 
on  the  anterior  side  the  shell  swells  out  into  a  sort  of  pouch,  pro- 
jecting beyond  the  beak;  posterior  margin  of  shell  showing  a  sinua- 
tion  just  below  the  hinge,  from  which  a  regular  curve  sweeps  around 
to  the  anterior  side.    Shell  thin,  with  fine  incremental  lines. 

"Length  of  shell  along  dorsal  margin  .44  inch  (100);  length  from 
beak  along  midumbonal  slope  .38  (86);  distance  from  beak  to  anterior 
extremity  .10  (22);  to  posterior  .34  (78);  diameter  of  shell  through 
umbo  .12  (24). 

"Locality.  Point  aux  Barques,  from  a  friable  and  ferruginous 
sandstone  overlying  the  grindstones." 

BELLEROPHON  GALERICULATUS,  Win.  Proc.  Acad.  Nat.  Sci. 
Phila.,  1862,  p.  426  (also  Report  1860,  p.  80)  described  as  follows: 

"Bellerophon  galericulatus,  n.  sp. — Shell,  small,  globose,  involute, 
ecarinate,  exumbilicate,  longitudinally  striate,  and  deeply  notched. 
Dorsum  broadly  and  regularly  rounded,  without  any  evidences  of  a 
band,  except  in  approaching  the  aperture  of  adult  shells,  where  a 
rather  broad  band  with  ventrally  concave  incremental  lines  can  be 
faintly  traced.  Aperture  crescentic,  not  suddenly  expanded 
strongly  auriculate,  with  the  ears  hanging  detached  from  the  inner 
whorl.  Notch  infundibuliform,  deep^  and  broad,  obtuse,  its  sides 
reaching  to  the  tips  of  the  auriculations.  Umbilicus  closed,  scarcely 
indented.  Dorsal  and  dorso  lateral  surface  marked  by  about  28 
longitudinal,  sharply  raised  striiE,  separated  by  much  wider  flutings, 
and  not  perceptibly  modified  by  the  dorsal  band  until  within  half  a 
whorl  of  the  aperture  of  the  adult  shell,  when  the  two  middle  striae 
become  slightly  raised  and  enlarged,  and  the  entire  set  simultaneous- 
ly die  away.  Between  these  strife  and  the  umbilical  point  similar 
striae  diverge  spirally  and  irregularly  until  intercepted  by  the  former 
set,  or  by  each  other.    Cast  smooth,  perforately  umbilicate. 

"Average  diameter  of  adult  .47  inch  (100) ;  height  of  last  whorl  at 
the  aperture  .26  (55);  height  of  aperture  .35  (74);  depth  of  notch  .22 
(47);  width  of  peripheral  belt  at  notch  .06  (13);  separating  distance 
between  tip  of  auriculations  and  inner  whorl  .10  (21);  number  of 
striae  in  one-tenth  of  an  inch  (ten),  and  this  is  the  same  in  young  and 
old  specimens.    Diameter  of  largest  specimen  seen  .53. 

"Localities.  Marshall,  Battle  Creek,  and  nearly  all  other  Southern 
outcrops  of  the  Marshall  Sandstone. 

"The  shell  bears  a  close  resemblance  to  B.  Urei,  of  authors,  but 
seems  to  differ  in  essential  points,  as  follows:    From  B.  Urei,  de 

35-Pt.  II. 
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Kon.  (An.  Foss.  35G,  XXX.  4)  in  being  only  half  the  size,  having  the 
dorsal  belt  elevated  instead  of  compressed,  in  its  very  deep  notch, 
less  proportional  width  and  distinct  auriculations;  from  McCoy's 
B.  Vrei  (Brit.  Pal.  Foss.  554)  in  ha\ing  the  strife  much  narrower  than 
the  intervening  grooves  and  not  at  all  modified  by  the  dorsal  band, 
and  in  having  the  width  of  the  aperture  less  than  the  diameter  of 
the  shell.  Prof.  Phillip's  figures  differ  in  the  absence  of  auricula- 
tions, and  in  the  lateral  strife.  To  Fleming's  original  description  I 
have  not  access." 

This  form  is  figured  by  Herrick,  Bull.  Denison  Univ.,  Vol.  Ill;  p. 
89;  PI.  II,  Fig.  34;  Plate  IX,  Fig.  32. 

Above  forms  all  belong  in  this  zone,  the  locality  of  other  forms  are 
more  uncertain,  viz.: 

CARDIOPSIS  MEGAMBONATA,  Proc.  Acad.  Nat.  Sci.,  Phila., 
1863,  p.  17,  1862,  p.  417. 

"The  specimen  here  referred  is  many  times  larger  than  the  types 
of  the  species,  being  of  the  size  of  C.  crenistriata,  Win.,  from  which  it 
differs  principally  in  the  coarser  and  more  rigid  ribs  and  more  prom- 
inent beak. 

"The  ribs  in  the  Burlington  specimens  do  not  increase  in  number 
with  age,  and  scarcely  increase  in  size;  the  intercostal  spaces  are 
flat,  gradually  widening. 

"Height  from  beak  to  ventral  margin  .91  inches  (100);  length  .85 
(97l;  thickness  of  left  valve  .55  (60). 

''CarcUopsis  Mcgamhnnata.  n.  sp. — Shell  very  small,  ovate,  with  an 
elevated  little  incurved,  nearly  ventral  beak,  gibbous  umbo  and  reg- 
ularly rounded  margins,  of  which  the  ventral  is  most  abruptly  so. 
Slopes  from  the  umbo  convex  in  all  directions  to  the  very  margin. 
Anterior  and  posterior  cardinal  margins  similar  and  equal.  Sur- 
face of  casts  striately  ribbed,  most  distinctly  so  toward  the  ventral 
border,  and  in  some  cases  marked  by  rather  strong  concentric 
wrinkles  toward  the  pallial  margin. 

"Height  from  beak  to  ventral  margin  .25  inch  (100);  length  from 
posterior  to  anterior  margin  .23  (92);  convexity  of  left  (?)  valve  .11 
(44). 

"Locality.  Grindstone  quarries,  Pt.  aux  Barques,  with  Rhynchon- 
elJa  camerifera,  etc." 

RHYNC  HON  ELLA  BARQUENSIS,  Win.  described  Proc.  Acad. 
Nat.  Sci.,  Phila.,  1862,  p.  408,  as  follows: 

"Rhi/nehonella  Barguensis,  n.  sp.  Shell  small,  transversely  oval, 
thin.  Ventral  valve  with  a  moderately  prominent  beak  and  slightly 
curved  cardinal  slopes;  greatest  tumidity  near  the  beak,  from  which 
the  surface  descends  in  right  and  left  margins.  Dorsal  valve  flat- 
tish,  most  inflated  in  the  middle.  Mesial  fold  and  sinus  small,  trace- 
able one-fifth  or  sixth  the  length  of  the  shell,  embracing  two  or 
three  sharp  plications,  of  which  the  entire  surface  of  each  valve 
receives  about  12  or  13.  Dental  plates  of  ventral  valve  parallel; 
mesial  septum  of  dorsal  valve  camerated  as  in  R.  camerifera. 
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"Length  .30  inches  (100);  breadth  .32  (107);  thickness  .13  (43). 
"Locality.    Grindstone  quarries,  Pt.  aux  Barques,  with  R.  catneri- 
fera." 

CAMAROTCECHIA  HUBBARDI,  Win.,  Proc.  Acad.  Nat.  Sci., 
Phila.,  1862,  p.  407.    Described  as  follows: 

"Rhi/nchmella  Huhbardi,  n.  sp. — Shell  small,  subquadrautal  in  out- 
line; cardinal  slopes  straight,  forming  a  right  angle  or  more;  lateral 
extremities  about  midway  of  the  shell;  anterior  border  gently 
curved;  the  two  valves  equally  convex;  ventral  valve  most  tumid 
near  the  beak,  the  dorsal  in  the  middle.  Surface  marked  by  21 
small  rounded  radiating  plications.  Mesial  sinus  represented  by  a 
broad  shallow  flattening  of  the  mid-frontal  slope  of  the  ventral 
valve,  occupying  the  two  middle  fourths  of  its  width,  and  corre- 
sponding to  8  or  9  plications.  No  fold  perceptible  in  the  dorsal 
valve,  but  a  shallow  depression  extends  from  the  beak  about  one- 
third  of  the  length  of  the  shell,  corresponding  to  the  extent  of  the 
median  partition  beneath  it.  Dental  plates  of  the  ventral  valve 
well  developed,  diverging  at  an  angle  of  about  30°.  Shell  thin, 
fibrous. 

"Length  of  a  ventral  valve  .26  inch.  (100);  breadth  .31  (119); 
convexity,  .08  (31). 

"Localities.  Marshall  and  the  grindstone  quarries  at  Pt.  aux  Bar- 
ques, belonging  to  the  Marshall  group. 

"The  dorsal  valve  greatly  resembles  that  of  R.  circularis." 

SJ:^^GUIyOLITE8  BOREALIS,  Proc.  Acad.  Nat.  Sci.,  Phila., 
1862,  p.  415,  thus  described: 

"Sanguinolites  bor  ealis  n.  sp. — Shell  rather  small,  ventricose,  trans- 
versely elliptic;  beak  somewhat  projecting  and  incurved,  less  than 
one-fifth  the  shell  length  from  the  anterior  extremity,  with  a  lunuli- 
form  excavation  in  front  of  it;  dorsal  margin  straight,  ventral  mar- 
gin slightly  arcuate;  posterior  extremity  regularly  rounded;  anterior 
sharply  bent  in  front  of  the  luuulae,  from  which  it  slopes  with  a 
truncate  backward  curve  to  the  ventral  border;  urabonal  slope  ex- 
tending diagonally  to  the  infero-posterior  margin,  somewhat  angu- 
iated  behind  the  beak,  and  inflected  toward  the  cardinal  region. 
Surface  of  shell  of  northern  specimens  unknown;  cast  showing 
several  distinct  concentric  grooves.  Shell  of  southern  specimens 
thin,  marked  both  with  concentric  and  minute  radiating  striae. 
Greatest  height  of  shell  along  the  perpendicular  from  the  beak; 
greatest  convexity  in  the  middle  of  the  same  line. 

"Length  1.10  inch.  (100);  breadth  .44  (40);  thickness  of  right  valve 
.15  (44). 

"Locality.  Grindstone  quarries,  Pt.  aux  Barques  above  the  grit- 
stones, and  Moscow,  Hillsdale  county. 

•Distinguished  from      miioniformis  and      Marshallensis  by  its 
terminal  beaks,  greater  relative  gibbosity,  greater  length  and  its 
posterior  attenuation." 
We  identify  this  species  somewhat  doubtfully  with  the  form  fig- 
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ured  in  Plate  XI,  Fig.  11,  wbioli,  however,  comes  from  a  higher 
horizon. 

BELLEROPHOX  BARQUENSIS,  Proe.  Acad.  Xat.  Sci.,  Phila., 
1862,  p.  427,  described  as  follows: 

"  n.  sp.  Shell  small,  globose,  involute,  rapidly  enlarging,  dorsally 
depressed:  umbilicus  small,  but  deep;  dorsal  broadly  convex,  with  a 
distinct  raised  band;  sides  sharply  rounded  into  the  umbilicus; 
aperture  crescentic,  expanded  with  a  deep  broad  construction  be- 
hind it,  notch  deep  and  narrow.  Surface  marked  by  fine,  regular, 
longitudinal  lines,  which  cover  the  band  as  well  as  the  other  parts. 
Diameter  .48  inch.  (100);  transverse  diameter  of  aperture  .54  (112); 
height  of  aperture  to  middle  of  umbilicus  .27  (56). 

"Locality.    Pt.  aux  Barques,  above  the  gritstones. 

"Most  nearly  resembles  B.  Michiganensis.  but  the  apertural  con- 
struction and  single  set  of  striae  render  it  easily  distinguishable." 

It  is  quite  likely  that  Winchell  assigned  the  form  here  described 
at  first  to  B.  gaJericulatus  as  in  his  latest  list  he  does  not  mention 
B.  galericulafus  from  northern  Michigan. 

(Dentalium  bai-quen,se,  Proc.  Acad.  Xat.  Sci.,  Phila.,  1862,  p.  425, 
1865,  p.  131  is  of  uncertain  affinities  and  should  be  expunged.) 

{Sanguinolites  strigatus,  Proc.  Acad.  Xat.  Sci.,  1865,  p.  129.  was 
undescribed,  and  specimen  lost  and  should  be  expunged.) 

Lepidodendron,  Proc.  Acad.  Xat.  Sci.,  Phila.,  p.  387,  1870,  men- 
tioned but  not  described. 

Prodiwtus  concentricus,  Proc.  Acad.  Xat.  Sci.,  Phil.,  1862,  p.  411, 
fragments  only  of  a  productid  from  the  grindstone  quarries  which 
may  not  be  this  species,  and  were  not  described.  We  have  also 
Productus  fragments  from  the  Romingerina  juUa  zone,  Sp.  19094. 

Chonetes  illinoisensis  smaller  than  typical,  Proc.  Acad.  Xat.  Sci., 
Phil.,  1863,  p.  5;  1865,  p.  116. 

iCTENODONTA]  (NUCULA)  SECTORALIS,  Proc.  Acad.  Xat. 
Sci.,  Phil.,  1862,  p.  418,  described  at  first  as  Xucula,  and  corrected, 
Proc.  Acad.  Xat.  Sci.,  Phil.,  1865,  p.  129,  but  now  all  the  Ctenodontas 
are  referred  to  X^ucula. 

"  n,  sp. — Shell  rather  small,  ventricose,  sectoriform,  with  nearly 
central  beaks.  Anterior  cardinal  slope  straight;  posterior,  nearly  so, 
making  with  the  former  an  angle  of  88°  to  91°;  ventral  border  sub- 
circular.  Beaks  prominent,  acute,  direct,  incurved.  Anterior  hinge 
plate  with  about  17  teeth;  posterior  with  about  13,  much  smaller. 
Adductor  scars  subterminal,  profound,  roundly,  oval.  Surface  of 
casts  perfectly  smooth. 

"Length  .86  inch.  (100);  height  .74  (86) ;  thickness  .44  (51);  distance 
from  beak  to  line  joining  extremities  .40  (46;;  length  of  anterior  end 
.51  (59);  of  posterior  end  .35  (41). 
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"Locality.  Battle  Creek  and  Grindstone  Quarries,  Point  aux 
Barques." 

NI  GULA  STELLA,  Froc.  Acad.  Nat.  Sci.  Phila.,  1862,  p.  419, 
abundant  in  the  lower  peanut  conglomerate,  Sp.  19032,  with  Nucu- 
lana  hellistriata,  described  thus: 

"n.  sp.  Shell  very  small,  elliptic-ovate,  with  subcentral  beaks. 
Anterior  cardinal  slope  arched,  posterior  nearly  straight,  extremities 
rather  sharply  rounded;  ventral  side  semi-elliptic.  Anterior  hinge 
plate  with  17  minute,  acute  teeth;  posterior  with  5,  angulated  in 
both  cases  towards  the  beak.  Beaks  a  little  attenuated  near  the  ex- 
tremity, curved  inwards  and  backwards.  Pallial  line  entire,  connect- 
ing the  muscular  scars,  which  are  oval,  and  situated  considerably 
above  the  middle  line  of  the  shell.  Shell  thin,  with  delicate  con- 
centric strire. 

"Length  .3.3  inch.  (100);  height  .24  (73) ;  thickness  .14  (42);  length  of 
anterior  end  .20  (61);  of  posterior  end  .1.3  (39);  distance  from  beak  to 
line  adjoining  extremities  .14  (42);  length  of  anterior  end  .20  (61); 
of  posterior  end  .13  (39);  distance  from  beak  to  line  adjoining  ex- 
tremities .14  (42). 

"Locality.  At  every  outcrop  of  the  formation  in  the  southern 
part  of  the  state.  Also  at  the  Grindstone  Quarries,  Point  aux 
Barques. 

"This  beautiful  little  shell  has  affinities  with  N.  ventricosa,  Hall, 
(Iowa  Rep.,  716,  PI.  29,  Fig.  4),  from  the  coal  measures  of  Iowa.  It 
is  easily  mistaken  for  the  young  of  N.  hiihbardi,  but  is  proved  dis- 
tinct by  its  more  rounded  sides  and  fewer  teeth,  as  well  as  by  its 
occurrence  in  a  region  of  the  state  where  the  larger  species  is  as  yet 
unknown." 

CYTEERE  CRA88IMARGINATA,  Proc.  Acad.  Nat.  Sci.  Phila., 
1862,  p.  429,  thus  described. 

"Cyther-e  Crassimarginata,  n.  sp.  Carapace  minute,  ventricose, 
regularly  oval,  microscopically  wrinkled — scrobiculate;  hinge  line 
impressed,  and  hinge  margin  a  little  hollowed;  valves  margined  by 
a  smooth  bead,  which  projects  slightly  beyond  the  general  surface, 
behind  which  is  a  small  groove;  cast  smooth,  but  margined  by  a 
raised  band  terminating  near  the  hinge  anteriorlv  and  posteriorlv. 

"Length  .08  inch ;  breadth  .05. 

"Localities.  In  the  Marshall  Sandstone,  at  Battle  Creek,  Liberty 
(Jackson  county),  Moscow,  near  Napoleon  and  at  the  Gritstone 
Quarries,  at  Point  aux  Barques,  with  Rhynchonella  camerifera." 

Also  near  Wheatfleld.    Cooper  has  noticed  them. 

"Beside  the  species  already  enumerated  from  the  Marshall  group 
there  yet  remain  a  few  too  imperfect  for  adequate  description,  or 
belonging  to  classes  not  yet  investigated.  Among  these  are  Lepido- 
dendron  and  Neuropteris?;  a  coralline  structure,  like  Fistulipora 
encrusting  foliaceous  or  branching,  with  minute,  short,  crowded 
polygonal  cells  .0088  of  an  inch  in  diameter,  without  visible  lamellae, 
but  with  some  indications  of  transverse  floors;  some  undetermined 
Lamellibranchs;  two  sorts  of  Chiton-like  scales;  two  or  three  Nautili, 
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of  which  one  is  nodulous;  and  sundry  remains  of  spines,  teeth  and 
bones  of  fishes." 

Munsteioceras  [Goniatites]  oweni,  Cf.  Win.  Am.  J.  Sci.  XXXIII, 
364,  Sp.  19014;  we  can  recognize  this  form  probably,  as  well  as 
other  species  of  Groniatities  in  the  fargments  from  the  Grind- 
stone quarries.  They  seem  to  have  been  originally  beach  broken 
fragments,  and  are  at  times  right  in  the  overlying  conglom- 
ate  (Sp.  19017),  and  also  in  nodules  in  the  sandstone  (Sps.  19014- 
19016). 

Goniatites  propinquas  and — 

Goniutites  shumardianus,  described  in  the  same  article,  all  are 
forms  like  his,  with  simpler  sutures  than  occur  higher  up  in  the 
series. 

Orodus  a  genus  of  fish,  and — 

Calamites,  a  rush,  are  added  by  Rominger. 

From  our  collections  we  may  add: 

Orthoceras,  two  species,  Sp.  190.33  from  the  lower  peanut  con- 
glomerate is  a  large  form;  Orthoceras,  Sp.  19014,  has  marked  rings 
about  8  to  1  inch. 

Crinoid  stems,  are  abundant  in  certain  layers,  and  two,  or  more 
species  are  represented.    Some  of  the  stems  are  very  large. 

Pleurotomaria?    Sp.  19014.  Fragment. 

Spirifer,  Sp.  19014  a  small  depressed  form. 

Ctenacanthus?  Sp.  19013  and  19014.  These  hollow  spines  have 
the  rear  angles  much  sharper  than  any  species  I  know. 

Principal  cusp  of  a  shark's  tooth,  Sp.  19016.  Cf.  Orodus.  The 
teeth  known  as  Orodus  and  the  spines  as  Ctenacanthus  have  been 
supposed  to  belong  to  the  same  fish. 

Melonites  is  reported  by  Geo.  H.  Girty. 

As  we  go  up  toward  the  Point  aux  Barques  sandstone  fossils 
become  scarcer,  and  yet  no  essential  change  in  the  character  of  the 
fauna  is  noticed.  Bominger  recognized  the  cast  of  a  Bhynchonella. 
and  an  impression  of  a  Goniatite  right  under  the  Point  aux  Barques 
sandstone.  Of  the  fauna  between  the  Point  aux  Barques  sandstone 
and  Flat  Rock  we  know  little. 

One  specimen,  19204,  not  absolutely  in  place  shows  Schizodus, 
or  Posidonomya,  and  coaly  bits  of  vegetation. 

Almost  directly  beneath  the  heavy  beds  of  Flat  Rock  Point  (Point 
au  Pain  Sucre),  comes  a  peanut  conglomerate,  and  ripple  marked 
beds,  with  traces  of  rushes,  a  Goniatite,  Sp.  19016.  and  as  Rominger 
remarks  (Vol.  Ill,  p.  71),  Camarotcechia  camerifera. 
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Somewhat  uncertain  as  to  their  exact  position  in  the  column,  and 
not  assuredly  in  place  are:  Sp.  19089,  a  coarse,  friable,  very  red 
sandstone  containing — Productus,  Orthis  michelini,  and  a  Merista 
or  Cryptonella-like  form.  Sp.  19090  which  appears  to  be  just  about 
the  horizon  of  the  Port  Austin  sandstone,  and  is  a  very  similar  rock 
to  19089,  and  beside  the  same  Merista  form  (cf.  Athyris  ohioensis), 
apparently  contains  a  Schizodus  and  Crenipecten  caroli,  gastropods 
and  Rhynchonella,  but  the  fossils  in  these  red  sandstones  drop  to 
pieces  as  you  look  at  them,  and  to  get  the  best  results  should  be 
studied  thoroughly  by  a  competent  palaeontologist  upon  the  ground. 
Mr.  Cooper  has  not  visited  them. 

Taking  this  fauna  as  a  whole,  we  may  notice  as  characteristic  the 
abundance  of  rhynchonelloids,  and  fish  fragments  and  coaly  remains. 
Many  of  the  specimens,  especially  the  Goniatites,  and  fish  remains, 
are  evidently  beach  worn  and  broken.  It  is  distinctly  littoral. 
Compared  with  the  Lighthouse  Point  fauna  the  smaller  size, — 
forms  is  noticeable.  Comparing  with  the  fauna  next  following  the 
comparative  simplicity  of  the  sutures  of  the  Goniatites,  like  those 
of  Munsteroccras  oiceni  rather  than  those  of  Goniatites  lyoni  is 
noticeable.  The  Goniatites  are  too  fragmentary  to  lend  themselves 
to  reproduction,  and  the  fish  teeth  and  spines  hardly  characteristic 
enough. 

(5.)  Hardwood  Point  Zone,  85  feet  below  top  of  Lower  Mar- 
shall. 

Immediately  above  Flat  Rock  Point,  immediately  to  the  southeast 
on  a  14  foot  terrace,  and  traceable  to  the  water's  edge  at  the  south- 
west corner  of  Sec.  24,  T.  19  N.,  E.  12  E.,  we  find  beds  abundantly 
fossiliferous  and  easily  recognizable.  The  most  striking  feature  is 
perhaps  the  abundance  of  Solen  forms,  of  which  we  have  hitherto 
seen  only  traces,  and  bryozoa.  In  the  lowest  horizon  immediately 
over  the  Flat  Rock  sandstone,  from  which  we  find  previous  mention 
only  of  a  "Cypris  like  shell*  we  obtained  Fenestella,  Sp.  19428, 
Crinoid  buttons,"  Solen  quadrangularis,  Rhynchonella,  traces  of 
Goniatites,  Nuculatna,  cf.  Nuculana  similis,  Ohio,  VII,  17,  and  about 
the  same  size.  Cf.  N.  bcllistriata?  or  N.  diversa  or  some  form  marked- 
ly produced  at  rear.  We  find  above  some  blue  not  so  fossiliferous 
micaceous  shales  with  even  here  bits  of  rushes,  and  Goniatites, 
faintly  impressed,  and  borings  or  burrows  of  mollusks  like  Nucula  or 


♦Winchell's  report,  1860;  p.  80. 


280 


HUROX  coryTY. 


Nuculana,  Sp.  19132,  and  Sp.  19032.  A  little  higher  at  Hardwood 
Point  we  find  a  calcareous  band  rich  in  fossils,  from  which  Win- 
chell  enumerates: 

ORTHOCERAS  INDIANENSE,  Hall  Cf.  Am.  J.  S.,  Vol.  XXXIII, 
p.  354.  Cf.  O.  cinctiim  or  0.  goldfussaneiim.  Winchell's  description 
is  as  follows: 

"Septate  portion  of  shell  more  than  3.75  inches  in  length;  inclina- 
tion of  sides  forming  an  apical  angle  which  varies  in  different  speci- 
mens from  6°  to  11°;  transverse  section  circular;  septa  at  right 
angles  with  the  central  siphon;  ratio  of  depth  of  chamber  to  its 
diameter,  in  different  specimens  2-0.  2.67,  2.71  and  3.46;  ratio  of 
concavity  of  septum  to  its  diameter  2.81;  ratio  of  diameter  of  siphon 
to  diameter  of  shell  5.67.    Xo  surface  marks  discernible  on  the  cast. 

"Localities.  The  most  abundant  Orthoceras  in  the  Marshall  sand- 
stone. I  have  specimens  from  Marshall,  Calhoun  county,  Holland, 
Ottawa  county,  Moscow  and  various  other  points  in  Hillsdale 
county,  and  from  Hardwood  Point  (one  mile  S.  W.  of  Point  au  Pain 
Sucre)  on  the  shore  of  Saginaw  Bay  in  Huron  county. 

"The  specimens  from  Michigan  exhibit  all  the  characters  pub- 
lished of  0.  Imlianensis  Hall,  except  the  apertural  constriction, 
with  reference  to  which  I  have  not  been  able  to  make  any  observa- 
tions. The  casts  of  these  species  cannot  be  distinguished  from  those 
of  0.  dnctum  Sowerbv,  as  defined  bv  de  Koninck  ("Animaux  Fos- 
siles,"  p.  513,  PI.  XLlil,  Fig.  6;  XLIV.  5:  XLVIII,  3).  It  is  equally 
indistinguishable  from  0.  Goldfussaitum  de  Kon.  (pp.  cit.,  510;  PI. 
XLIII,  3,  4).  except  that  the  septa  of  this  species  are  "separated  by 
only  one-eighth  of  their  diameter." 

ORTHOCERAS  CLINOCAMERATUM,  Win.;  in  Am.  J.  Sci., 
XXXIII,  p.  356  described  as  follows: 

"The  only  specimen  of  this  quite  distinct  form  is  only  1^  inches  in 
length,  partly  septate.  It  is  a  fragment  of  a  shell  about  3.3  inches 
long,  having  a  major  apical  angle  of  11°.  The  section  is  elliptical, 
with  the  minor  axis  to  the  major  as  .24:  .45  =  1.88.  The  first  two 
septa  are  .08  apart,  and  the  relation  of  this  interval  to  the  larger 
diameter  at  the  same  point  is  6.25.  The  septa  are  deeply  concave, 
oblique,  and  slightly  sinuous,  having  one  side  .12  in.  in  advance  of 
the  other.  The  greater  diameter  of  the  specimen  is  .7  in.  at  one 
end  and  .45  in.  at  the  other. 

"Locality.  In  the  Marshall  sandstone  at  Hardwood  Point,  one 
mile  S.  w!  of  Point  au  Pain  Sucre,  [Called  also  Flat  Rock  Point] 
on  the  shore  of  Saginaw  Bay." 

Compare  our  specimens  19143,  and  19011,  19136,  18118;  the  forms 
of  Orthoceras  seem  to  be  on  an  average  a  little  smaller  than  those 
below. 

Cifi'toceras  tesselatum,  doubtfully  mentioned  from  a  small  frag- 
ment. 
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GONIATITESi  MARSH ALLENSI8,  Am.  J.  S.  Win.,  Vol.  XXXIII. 
p.  362,  described  as  follows: 

"Shell  rather  long,  consisting  of  at  least  four  whorls,  the  inner 
moderately  impressed  into  the  outer;  transverse  section  varying 
from  an  ellipse  of  small  excentricity  to  an  oblong  figure,  surface 
smooth.  Aperture  and  outer  chamber  not  seen.  Septa  close,  the 
lobes  also  reaching  the  next  posterior  saddles.  Dorsal  lobe  twice  as 
long  as  its  greatest  width,  clavate,  with  a  long  cuspidate  acumina- 
tion,  at  the  extremity  of  which  can  sometimes  be  seen  the  outline  of 
the  minute  siphon;  first  and  second  lateral  lobes  similar  to  the 
dorsal  in  form,  but  successively  a  little  smaller  and  not  acuminate; 
accessory  lobe  obtuse,  half  the  size  of  the  second  lateral;  ventral 
lobe  profound.  Dorsal  and  lateral  saddles  of  form  similar  to  the 
principal  lobes,  but  regularly  rounded  at  the  extremity;  first  acces- 
sory saddle,  half  the  size,  the  second,  imperfectly  developed. 

"Diameter  of  largest  specimen  se^n  1.75  (100);  major  axis  of  trans- 
verse section  .59  (34);  minor  axis  .47  (27);  length  of  dorsal  lobe  .26 
(15),  of  which  the  cusp  is  about  .07  (4);  greatest  breadth  .12  (7). 
Diameter  of  siphon  .015  (0.9). 

"Localities.  The  most  abundant  Goniatite  in  the  feebly  cemented, 
ferruginous  sandstone  at  Marshall.  Found  also  in  a  similar  rock 
at  Moscow,  and  numerous  other  localities  in  Hillsdale  and  Jackson 
counties.  It  occurs  in  the  hard  bluish  calcareous  sandstone  at 
Battle  Creek  and  in  the  hard  purple  sandstone  at  Hardwood  Point, 
Saginaw  Bay. 

"This  Goniatite  belongs  to  the  group  which  embraces  G.  Henslmvi 
Sow,  G.  serpentinus,  Cj/clolohus  and  mixolobus  of  Phillips,  but  after 
careful  study  it  seems  sufficiently  distinct  from  all.  Its  closest 
European  analogue  is  G.  mixolobus  Phil.,  from  the  Mountain  lime- 
stone of  the  Isle  of  Wight  and  the  "Posidonomyenschiefer"  of  Wies- 
baden. Its  nearest  American  analogue  seems  to  be  G.  Lyoni  Meek 
and  Worthen,  (Proc.  Acad.  Nat.  Sci.  Phil.,  Oct.,  1860),  with  which 
Prof.  Hall's  G.  Eyas  is  identical  (See  13th  Rep.  Regents  N.  Y.,  p. 
102).  The  Michigan  species,  however,  differs  from  the  Rockford  one 
in  the  addition  of  an  accessory  lobe  and  saddle,  and  in  the  dorsal  lobe 
being  broader  and  relatively  longer.  It  is  also  somewhat  more 
involute." 

Our  specimens,  Sp.  19113,  19011,  19137  have  a  suture  much  like 
Goniatitcs  lyoni,  but  with  one  denticle  on  a  number  of  the  lobes, 
i.  e.,  an  approximation  to  Ceratites.  This  is  not  clearly  indicated  in 
Winchell's  description  but  is  shown  in  his  specimens  and  drawings. 
To  these  forms  we  add  from  the  1860  report,  p.  80,  Nucula,  which 
Rominger  says  is  Niicula  hubbardi,  i.  e., 

Palmmeilo  siilcatina,  Proc.  Acad.  Xat.  Sci.  Phil.,  1862,  p.  418 
and  1865,  p.  128.  Sp.  19011;  Sp.  19140  shows  muscle  scar  and  pallial 
line,  slightly  sinuate.  This  has  been  frequently  figured,  by  Conrad, 
Hall  and  Herrick. 

3(3-Pt.  II. 
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Solen  qvmh  avfjularift,  Win.  Proc.  Xat.  Sci.,  1802,  p.  422,  an  abund- 
ant and  characteristic  form  often  in  purple  micaceous  shales.  Sp. 
19010, 19028,  19136. 

{CJymenia?  Cf.  pp.  85  and  86).  As  no  Clvmeniie  are  returned  from 
the  Marshall  in  Winchell's  final  list,  he  undoubtedly  concluded  to 
refer  the  forms  in  question  to  the  Goniatites. 

Beside  the  -forms  mentioned  by  Winchell,  Rominger  adds  RJu/n- 
choHcUa  and  Productus.  We  may  add  a  variety  of  fish  remains, 
to  wit:  Sp.  19011,  19023  shark  spines  in  considerable  variety,  cf. 
Acanthaspis; 

Fisli  teeth;  as  in  the  grindstone  beds  there  are  often  small  black 
rounded  fish  teeth,  but  occasionally  we  have  something  better,  e.  g. 
Cladodus  (cmcinnus?)  Sp.  19139,  very  well  preserved,  one  large,  four 
small  cusps,  two  on  each  side,  the  outer  larger. 

Psammodus  or  cf.  cochliodus.  a  large  pavement  tooth.  Sp.  19133 
Ganoid  scales,  Sp.  19027. 

Convlaria,  Sp.  19109,  cf.  19146,  a  mere  fragment. 

XrCl  LITES  FALLAX,  n.  sp.  Cooper,  Plate  XL  Fig.  4.  Sp. 
19259. 

Shell,  small,  elongate,  ovate,  width  equal  to  three-eighths  the 
greatest  length  of  the  shell,  cardinal  and  ventral  line  equi  distant 
for  the  greatest  length  of  the  shell,  anterior  end  truncate,  posterior 
portion  of  the  shell  meeting  the  ventral  margin  at  the  end  of  the 
umbonal  ridge  where  it  is  abruptly  rounded;  beak  depressed  an- 
teriorly, about  one-tenth  distant  from  the  end  of  the  shell,  clavicle 
extending  ventrally  marked  with  imperfectly  preserved  concentric 
markings.    Teeth  not  shown  in  any  specimen  yet  found. 

Formation  and  Locality. — In  the  lower  Marshall  along  the  shore- 
line just  west  of  Port  Austin,  Huron  County. 

8ANGVIN0LITES  MICHIGANENSIS,  Herrick.  Figured  here 
Plate  XI,  Figs.  12,  13,  Sp.  19283,  19284. 

1888.  SanguinoUtes  Michiganensis,  Herrick  or  Winchell.  Bull. 
Denison  Univ.,  Ohio,  Vol.  Ill,  p.  70,  PI.  7,  Fig.  10. 

Shell  quadrangular,  ovate,  dorsal  and  ventral  lines  subparallel. 
posterior  end  slightly  large.  Beaks  one-fourth  distant  from  the 
anterior  end,  slightly  appressed,  not  projecting  beyond  the  hinge 
line.  Umbonal  ridge  well  defined,  extending  to  the  abruptly 
rounded  posterior  ventral  margin.  Umbonal  slope  slightly  con- 
cave dorsally,  having  a  well  defined  depression  extending  from  the 
middle  of  the  ventral  margin  towards  the  beak.    Anterior  end  ab- 
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ruptly  rounded,  with  a  well  marked  lunule  on  the  dorsal  part.  This 
species  was  identified  by  Alexander  WincTiell  at  the  time  the  Ohio 
specimens  were  being  studied  as  his  8.  Michigmensis,  but  no  de- 
scription or  figure  from  him  is  extant.  The  species  was  figured  by 
Prof.  C.  L.  Herrick  without  any  definition. 

"Formation  and  Locality.  From  the  Marshall  or  upper  Waverly 
immediately  west  of  Port  Austin." 

8ANGUIN0LITE8  BORE  ALT  S?  Winchell.  (Plate  XI,  Fig.  11, 
Sp.  19282.) 

1862.  Sanguinolites  iorealis.  Winchell,  Proc.  Acad.  Nat.  Sci., 
Philadelphia,  p.  415. 

"Shell  rather  small,  ventricose,  transversely  elliptic;  beak  some- 
what projecting  and  incurved,  less  than  one-fifth  the  shell  length 
from  the  anterior  extremity,  with  a  lunuliform  excavation  in  front 
of  it;  dorsal  margin  straight;  ventral  margin  slightly  arcuate;  pos- 
terior extremity  regularly  rounded;  anterior  sharply  bent  in  front 
of  the  lunule,  from  which  it  slopes  with  a  truncate  backward  curve  to 
the  ventral  border;  umbonal  slope  extending  diagonally  to  the 
infero-posterior  margin,  somewhat  angulated  behind  the  beak,  and 
inflected  toward  the  cardinal  region.  Surface  of  shell  of  northern 
specimens  unknown;  cast  showing  several  distinct  concentric 
grooves.  Shell  of  southern  specimens  thin,  marked  both  with  con- 
centric and  minute  radiating  striae.  Greatest  height  of  shell  along 
the  perpendicular  from  the  beak;  greatest  convexity  in  the  middle 
of  the  same  line. 

"Length  (in  inches)  1.10  (100);  breadth  .44  (40);  thickness  of  right 
valve  .15  (44)." 

"Locality.  Grindstone  quarries,  Pt.  aux  Barques  above  the  grit- 
stones and  Moscow,  Hillsdale  county.  The  specimen  here  illus- 
trated is  from  Hardwood  Point,  Huron  county,  .Michigan,  where  it 
was  found  in  red,  friable,  ferruginous  sandstone." 

Michigan  Geological  Survey  Collection,  number  19282. 

Leaving  Hardwood  Point  and  going  southeast  after  passing  a 
relatively  massive  sandstone  we  come  to  a  fossiliferous  shingle,  and 
on  the  bluff  of  tbe  Algonquin  terrace,  which  the  Port  Austin-Port 
Crescent  road  skirts,  we  find  rock  exposed,  only  certain  narrow 
belts  being  fossiliferous;  similar  beds  occur  on  Sec.  2,  and  on  the 
hill  of  Sec.  31  adjacent,  with  fauna  so  much  alike  as  to  make  them 
essentially  one  horizon.    Sp.  19112-19128,  19140-19143,  19145,  19279. 

From  them  we  have : 

Ganoid  scales,  rhomboid  diagonally  wrinkled,  Sp.  19117. 
Goniatites  marshallensis,  as  mentioned;  also  Sp.  19117, 19113, 19128, 
Goniatites  allei?    Sp.  19142,  19113,  19126,  19127,  19140,  a  frag- 
ment. 
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Orthoceras  indianense  or  multicinctum?,  19118,  Sp.  19143. 
Fenestelhi,  Sp.  19121. 

Bellerophon,  cf.  B.  nautiloides  or  B.  galcricidatus;  Sp.  19113,  19140, 
19141. 

Characteristic  of  these  beds  in  a  wealth  of  kimellibranchs,  espe- 
cially pterinoid  forms,  inclined,  with  a  straight  hinge  line,  e.  g., 
Leiopteria  torreyi  cf.  oHoni,  Ohio,  VII,  PI.  XXIV,  Figs.  1,  8,  9, 10,  11, 
12.  If  recognized  by  Winchell  it  was  probably  as  a  Pterinea  or  as 
Myalina  Pterinaeformis.  The  forms  are  about  the  size  of  Herrick's 
Fig.  10;  cf.  AnthracopUra  elmgata  Q.  J.  G.  S.,  1893,  XLIX,  PI.  VII, 
Fig.  IG.    Sp.  19114,  19127,  19128,  19145. 

LEIOPTERIA  TORREYI?    Hall.  (Plate  XI,  Fig.  2). 

1884.    Hall.  Pal.  Xew  York,  Vol.  V,  Part  I,  PI.  I.,  p.  174. 

This  species  which  is  described  by  James  Hall  from  the  sandstone 
and  conglomerate  of  the  Chemung  group  at  Panama,  X.  Y..  is  de- 
fined as  follows: 

"Shell  of  medium  size,  rhomboidal,  sub-falcate;  body  narrow 
ovate,  arcuate,  oblique  at  an  angle  of  less  than  45°  with  the  hinge, 
height  equal  to  about  two-thirds  of  the  length;  anterior  and  basal 
margins  broadly  curving  from  the  byssal  sinus;  post  basal  margin 
produced  and  abruptly  recurved. 

"Left  valve  very  convex,  gibbous  in  the  middle  and  above.  Eight 
valve  unknown. 

"Hinge  line  straight,  about  equal  to  the  height  of  the  valve.  Beak 
sub-anterior,  directed  forward,  acute,  prominent  and  arching  over 
the  hinge.  Umbonal  region  narrow,  ventricose,  well-defined,  sub- 
tending an  acute  angle. 

"Ear  large,  bending  downward,  marked  by  a  strong  oblique  fold, 
limited  by  a  broad,  vertical  byssal  depression  and  shallow  sinus 
margin  convex;  extremity  apparently  obtuse.  Wing  joining  the 
body  above  the  posterior  extremity,  limited  by  the  nearly  verticle 
post-umbonal  slope  which  makes  a  more  or  less  marked  sulcus; 
margin  concave;  extremity  produced,  acute. 

"Surface  marked  by  a  fine  stripe  of  growth  which  are  somewhat 
regularly  lamellose  on  the  body  of  the  valve. 

"A  left  valve  has  a  length  of  29,  height  22,  hinge  line  21." 

Formation  and  Locality.  From  the  Marshall  group  along  the 
Port  Crescent  road  immediately  west  of  Port  Austin,  Huron  county, 
Michigan. 

Xuculana,  cf.  hellistriata.    Sp.  19125  ill  preserved. 
Nuculites  fallax,  as  described  above. 

PAL.EOXEILO  SULCATINA,  Sp.  19140,  19141.  shows  the  pos- 
terior muscle  scar  and  slightly  sinuate  pallial  line. 

Sp.  19145  is  concentrically  striated  and  very  much  like  Wiuchell's 
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forms,  Sanffuinolites  (Cardinia,  Inoceramus)  concentricus,  but  traces 
of  ligamental  pits  on  a  straight  hinge  line  make  the  genus  much 
more  akin  to  Inoceramus;  cf.  also  Sanguinolites  amygdalinus. 

The  usual  state  of  preservation  of  these  fossils  is  in  yellow  fragile 
casts  in  a  bluish  to  purplish  impure  sandy  matrix.  It  will  be 
noticed  that  the  fauna  of  these  upper  beds,  is  (with  the  exception  of 
some  lamellibranchs),  practically  the  same  as  that  of  Hardwood 
Point.  Taking  the  two  together  they  differ  unmistakably  from 
the  fauna  below  the  Port  Austin  sandstone  by  the  replacement  of 
brachiopods  by  lamellibranchs  and  the  more  complex  sutures  of 
the  Goniatites. 

From  the  Lighthouse  Point  beds  to  the  top  of  these  upper  beds  is 
(260  +  176)  some  436  feet,  with  two  considerable  sandstone  belts, 
perhaps  three  or  four,  included.  Yet  if  we  compare  our  fauna  with 
those  of  Herrick's  zones  we  find  that  though  the  Lighthouse  Point 
section  seems  to  correspond  decidedly  better  with  the  Waverly  free- 
stone, than  any  lower  horizon,  on  the  other  hand  the  upper  beds  also 
find  their  nearest  analogues  in  the  same  stFatum.  So  that  either 
the  Waverly  freestone  corresponds  to  a  much  larger  series  of 
deposits  in  Michigan,  or  the  fauna  lasted  much  longer  in  Michigan, 
see  below  p.  288,  or  two  faunas  consecutive  in  Michigan  were 
migrating  so  as  to  meet  and  be  contemporaneous  in  Ohio.  In  that 
case  we  might  suggest  that  the  brachiopods,  Syringothyris, 
Rhynchonella,  and  Spirifer,  and  Eomingerina  were  moving  south- 
west while  the  solens  and  aviculoids  came  north.  The  generally 
smaller  character  of  the  upper  faunas  in  Michigan  suggests  that  in 
some  way  the  conditions  were  becoming  more  unfavorable  to  life, 
a  supposition  in  entire  accordance  with  the  fact  that  hitherto  the 
out-crops  of  the  Upper  Marshall  or  Napoleon  have  proved  unfossilif- 
erous.*  Finally  the  fauna  of  Marshall  and  Battle  Creek,  seems  as 
already  stated  by  Winchell  to  correspond  to  the  upper  zones  of  our 
section. 

Ohio  correlations 

by  W.  F.  Cooper. 

The  correlation  with  the  Ohio  is  as  follows  :t 

To  Prof.  C.  L.  Herrick,  President  of  the  State  University,  Albuquer- 
que, New  Mexico,  I  am  especially  indebted  for  favors  which  have 
always  been  extended,  and  through  which  this  work  has  been  begun. 

*See  Rominger  III,  p.  88. 

tFrom  this  point  to  the  end  of  the  section  is  solely  by  W.  F.  Cooper  and  expresses 
his  views. 
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The  lower  Carboniferous  of  Michigan,  beginning  at  the  bottom, 
has  been  separated  into  the  Bedford  shale,  Berea  grit,  Berea  shale, 
Coldwater  (Cuyahoga  in  part)  shales,  lower  Marshall  sandstones, 
Xapoleon  or  upper  Marshall,  Michigan  series,  and  Bavport  (Max- 
ville)  limestone. 

In  Ohio  the  same  strata  are  represented  by  the  Waverly  forma- 
tion, which  with  some  modifications  from  the  reports  of  Pi-ofessor 
C.  L.  Herrick  and  Dr.  Edward  Orton.  may  be  divided  into  the  Bed- 
ford shale,  Berea  grit,  Berea  shale,  Buena  Yista  flags,  Cuyaihoga 
shales.  Raccoon  shales  and  sandstones,  and  conglomerate  I;  the 
middle  Waverly  or  lower  Logan,  conglomerate  II ;  the  upper  Logan 
or  Burlington  and  Keokuk  and  Maxville. 

The  Bedford  shale  which  forms  the  lowest  member  of  this  series 
has  in  southern  Michigan  a  thickness  of  fifty  feet  in  places,  accord- 
ing to  the  records  of  the  well  borings  (Geol.  Surv.  of  Mich.,  Vol.  V., 
Pt.  II).  In  Ohio  the  horizon  extends  in  its  line  of  outcrop  from 
Pennsylvania  west  and  south  as  far  as  the  Ohio  river,  and  doubtless 
beyond  into  Kentucky.-  It  contains  a  recurrent  fauna  with  a  Ham- 
ilton facies.  Some  of  the  characteristic  New  York  Hamilton  species 
which  are  found  in  Ohio  are:  Orthis  vamixemi,  Chotietes  scitulus, 
Amhocoelia  umbonata,  Macrodon  hamiltonae  and  Cypricardella  bellistriata. 
In  northwestern  Pennsylvania  these  strata  are  said  to  be  repre- 
sented by  the  Cussewago  shales. 

In  Huron  county,  Michigan,  the  Bedford  shale  is  succeeded  by  the 
Berea  grit,  which  serves  very  well  as  a  datum  plane  as  is  shown 
elsewhere  in  this  report.  In  Ohio  the  Berea  grit  varies  consider- 
ably in  thickness,  being  anywhere  from  five  to  one  hundred  and 
fifty  feet  thick.  In  the  upper  layers  it  exhibits  a  tendency  to  be- 
come flaggy  and  more  fossiliferous.  Atnjpa  reticularis  and  Lep- 
taenn  rhomboidalis,  together  with  several  other  species  of  a  local 
fauna,  have  been  found  in  the  flags  of  Delaware  county,  Ohio.  In 
Pennsylvania  it  has  been  identified  with  the  Corry  sandstone.  The 
Berea  shale  is  immediately  over  the  Berea  sandstone.  In  Huron 
county,  Michigan,  it  is  easily  traced  in  the  well  borings  and  has  an 
average  thickness  of  115  feet  while  in  the  southern  part  of  the  state 
it  is  in  places  only  twenty-five  feet  thick.  This  horizon  which  has 
also  been  called  the  Waverly  black  shale,  by  Andrews,  varies  in 
Ohio  from  15  to  50  feet  in  thickness,  throughout  the  line  of  outcrop, 
and  is  an  exceedingly  persistent  and  well  defined  horizon.    In  nortli- 
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eastern  Ohio,  near  the  Tennsylvania  line,  it  lies  immediately  under 
tlie  Tarboniferous  millstone  grit;  a  fact  of  importance  in  the  de- 
velopment of  fhe  lower  Carboniferous  of  that  state,  which  has  here- 
tofore been  misunderstood. 

Lying  upon  this  horizon  are  the  Buena  Vista  flags  which  are  de- 
serving of  recognition  as  a  horizon  separable  from  the  Cuyahoga 
shales  above.  The  Dictyophyton,  Prodticti,  and  Atrypa  reticularis, 
which  are  faund  in  them,  apparently  sustain  the  same  relation  to 
the  Chemung  of  New  York  as  does  the  Bedford  to  the  Hamilton 
of  that  state.  They  are  extensively  quarried  at  Buena  Vista  on  the 
Ohio  river.  Northward  they  extend  into  the  valley  of  the  Cuyahoga 
river  and  to  the  east  as  far  as  Warren  county,  perhaps  farther.  In 
Michigan  their  position  has  not  been  determined  as  yet,  but  they 
will  probably  be  found  south  of  Harbor  Beach  or  White  Kock  along 
the  lake  shore. 

The  Cuyahoga  shales  vary  in  lithological  character,  throughout 
any  one  continuous  section,  but  can,  within  certain  limits,  be  dis- 
tinguished by  a  dark  blue  nodular  shale  which  very  often  contains 
fossils  exquisitely  preserved.  These  fossils  may  be  found  at  Cold- 
water  in  Branch  county  and  in  less  limited  numbers  at  Rock  Falls 
near  Harbor  Beach,  Huron  county,  along  the  lake  shore.  The  same 
nodules  are  found  forty  feet  below  the  Carboniferous  conglomerate 
at  Cuyahoga  falls,  at  Moot's  run  in  Licking  county  nearly  225  feet 
below  the  same  horizon,  and  at  the  level  of  the  Ohio  river  at  Scioto- 
ville  nearly  200  feet  below  the  coal  measures.  There  are  sections  in 
Warren  county,  Ohio,  where  this  horizon  is  absent.  Judging  from 
the  gradually  extending  shore  line  southward  on  which  the  later 
zones  in  part  were  deposited  it  is  probable  that  the  elevation  of  the 
strata  had  then  begun  in  Warren  county  before  the  deposition  of 
these  beds. 

This  zone  which  is  embraced  in  the  Coldwater  series  of  Michigan 
is  200  feet  thick  more  or  less  in  the  southern  part  of  the  state.  In 
Huron  county  it  is  difficult  to  draw  the  line  between  the  horizons 
below  and  above  these  strata.  The  top  of  the  beds  outcropping 
near  Harbor  Beach  must  be  about  1200  feet  below  the  Coal  Measures, 
while  the  top  of  the  Berea  shale  is  given  by  Dr.  Lane  from  the  well 
records  as  500  feet  lower  at  that  locality  which  measures  the  ap- 
proximate thickness  of  the  zone.  I  think  it  probable,  however,  that 
a  portion  of  the  lower  part  of  these  strata  may  be  included  in  the 
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Buena  Vista  horizon.  There  is  south  of  Harbor  Beach  at  the  mouth 
of  Allen  creek  a  section  at  Rock  Falls  where  I  collected  Chonetes 
scitulus,  Produetus  shumardianus,  Productm  neicberryi,  var.  annosus, 
StreUopteria   media,    Conularia   gracilis,   and    Phaethonides  spinosns. 

These  forms  are  also  found  in  the  Cuyahoga  in  Ohio.  Litho- 
logically  and  palaeontologically  this  outcrop  is  more  closely 
paralleled  by  the  exposures  which  occur  in  Licking  county  than  in 
the  northern  portion  of  the  state  in  the  valley  of  the  Cuyahoga 
river.  There  is  cumulative  evidence  to  indicate  that  the  strata 
of  this  zone  were  laid  down  in  a  basin  rather  limited  to  the  east- 
ward in  central  Ohio;  which  existed  before  the  Cincinnati  anticline 
had  developed^  and  which  may  have  obtained  its  sediment  from  the 
northward.  At  Moot's  run,  Licking  county  the  Cuyahoga  is  repre- 
sented by  a  series  of  light  blue  flags  containing  concretions  and  a 
Chonetes  scitulus  in  the  greatest  numbers,  which  are  overlain  by 
a  shale  which  contains  nodules  often  with  perfectly  preserved  fos- 
sils. The  section  at  Rock  Falls  is  identical  in  character,  superposi- 
tion and  habitat  which  can  hardly  be  accidental  when  taken  in  con- 
nection with  its  relative  position.  The  same  strata  at  Coldwater  I 
have  not  yet  had  an  opportunity  to  study  fully. 

The  Waverly  shale,  which  is  a  term  Professor  C.  L.  Herrick  has 
given  to  the  upper  40  or  50  feet  of  the  lower  Waverly  or  division  I 
is  rather  apt  to  be  confusing  as  thus  limited.  I  have  adopted  the 
name  Raccoon  shales  which  was  earlier  used  by  L.  E.  Hicks  to  in- 
clude all  the  strata  between  the  middle  Waverly  or  Lower  Logan 
and  the  Ohio  black  shale,  for  this  particular  zone,  which  is  the 
uppermost  part  of  his  series.  A  typical  outcrop  is  found  on  Rac- 
coon creek  half  way  between  Granville  and  Newark,  Ohio,  where  no 
less  than  thirty  species  have  been  collected,  most  of  which  are 
confined  to  these  beds.  Over  two-thirds  of  the  number  are  lamelli- 
branchs.  Some  of  the  characteristic  species  are:  Palceoneilo  con- 
centrica,  P.  attenuata,  Sanguinolites  flavins,  and  Sanguinolites 
unioniformis.  North  of  Licking  county  this  formation  thins  out 
about  half  way  between  Wooster  and  Lodi,  Ohio.  In  Michigan  1 
have  been  unable  to  correlate  it  in  Huron  county,  but  stratigraphi- 
cally  and  lithologically  it  corresponds  to  the  196  feet  of  strata  out- 
cropping below  the  conglomerate  at  Point  aux  Barques  lighthouse 
and  southward  almost  to  Harbor  Beach.  In  Hillsdale  county  and  at 
Verona  mills  near  Battle  Creek  the  same  layers  are  apparently  rep- 
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resented  by  a  coarse  grained,  yellowish,  somewhat  friable  sand- 
stone which  contains  in  great  abundance  Palceoneilo  concentrica  and 
P.  attenuata.  At  Waverly  junction,  near  Holland  in  Ottawa  county, 
the  same  strata  are  extensively  quarried.  At  that  place  over  35 
feet  of  rock  are  exposed  which  is  abundantly  fossiliferous,  almost 
all  the  species  being  lamellibranchs.  Sanyuinolites  ftavius,  Pal- 
ceoneilo  concentrica,  P.  attenuata,  Nucula  ioxcaensis,  Nuculana  similis, 
Athyris  lamellosa,  and  Bellerophon  galericulatus  were  the  only  species 
identified  which  are  characteristic  of  the  Kaccoon  shales  in  the 
Ohio  basin.  The  almost  entire  absence  of  brachiopods  rather 
tends  to  emphasize  the  relationship,  but  the  cephalopods  are  rela- 
tively much  more  abundant  than  in  Ohio. 

We  have,  separating  the  lower  Waverly  from  the  middle  Waverly 
or  lower  Logan,  a  band  of  conglomerate  which  varies  considerably 
in  thickness  and  which  extends  in  variously  modified  phases  from 
southern  Ohio  to  Point  aux  Barques  lighthouse.  In  Licking  county 
it  is  well  exposed  in  the  bed  of  a  small  "run,"  in  a  quarry  about 
one  mile  south  of  Newark,  Ohio;  at  the  "dug  way"  three  miles  west 
of  Newark;  and  at  Wooster,  Ohio,  immediately  north  of  the  city 
on  Christmas  run;  and  on  the  shore  of  Lake  Huron  at  Point  aux 
Barques  lighthouse.  (See  fig.  5.)  It  is  not  found  in  the  valley  of 
the  Cuyahoga  river  which  was  elevated  before  the  formation  of 
this  bed.  In  otherwise  continuous  sections  north  of  Wooster  and 
south  of  Burbank  the  Cuyahoga  shale  lies  immediately  underneath 
conglomerate.  I.  In  this  connection  it  may  be  well  to  notice 
the  observation  of  A.  C.  Lane  that  in  the  conglomerate  at  Point 
aux  Barques  lighthouse  rounded  pebbles  of  a  black  shale  were 
found  which  could  hardly  have  come  elsewhere  than  from  the 
Devonian  black  s^hale.  The  deposition  of  this  bed  must  have  been 
a  time  of  important  geologic  action.  In  Ohio  nearly  all  of  the 
species  became  extinct  as  the  result  of  the  change  of  environment, 
and  but  few  forms  are  found  in  the  horizon  in  question,  so  that  its 
correlation  rests  to  a  large  extent  on  stratigraphical  and  faunal 
relations.  For  in  the  underlying  shales  and  sandstones  the  fauna 
is  largely  lamellibranch,  almost  entirely  so  in  point  of  numbers;  in 
the  conglomerate  it  consists  altogether  of  brachiopods.  Spirifer 
deltoideus  is  one  of  these  Characteristic  species  which  occurs  in  Ohio 
and  in  Michigan  along  wdth  several  peculiar  brachiopod  species 
which  are  noi  found  in  the  Ohio  basin.  There  is  evidence  to  indi- 
37-Pt.  II. 
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cate  that  this  bed  was  in  Ohio  deposited  by  river  action  coming  from 
the  north  or  north-westward. 

The  lower  Logan  or  middle  Waverly,  the  "quarry  rock"  of  Central 
Ohio^  is  represented  in  sections  from  the  Ohio  river  to  Burbank;  in 
Michigan  from  the  Point  aux  Barques  lighthouse  to  the  Romingerina 
juUa  stratum  west  of  Grindstone  City.  In  the  southern  and  central 
part  of  Oiio  it  is  40  feet  in  thickness  on  the  average,  while  in  a 
quarry  northwest  of  Wooster  it  is  60  feet  thick.  In  Michigan  the 
series  which  is  in  part  a  representative  of  the  Marshall  exposed 
in  Calhoun  county  and  the  upper  Kalamazoo  valley  is  made  up 
of  grits,  sandstones,  conglomerates  and  shales  with  an  abundant 
fauna.  The  thickness  of  this  division  which  should  be  made  to 
extend  from  the  Point  aux  Barques  lighthouse  to  the  Romingerina 
juli<i  layer  west  of  Grindstone  City,  and  perhaps  the  20  feet  of 
strata  resting  upon  it,  is  approximately  215  feet  in  thickness  and 
includes  the  lower  40  feet  or  so  of  the  Marshall  as  defined  by  Win- 
chell.  At  Point  aux  Barques  lightliouse  the  horizon  is  935  feet  and 
more  below  the  Bayport  or  Maxville  limestone  as  exposed  on  Wild 
Fowl  Bay  northeast  of  Bay  City.  Within  this  greatly  increased 
thickness  of  sedimentation  there  are  at  least  four  horizons  each 
with  their  characteristic  fauna. 

Thirty  or  forty  feet  below  the  top  of  the  series  as  it  has  here  been 
limited  we  have  a  layer  which  outcrops  along  the  roadside  leading  to 
Port  Austin,  and  on  the  old  lake  shore  line  west  of  Grindstone  City. 
In  it  occur  Romingerina  julia  and  Cwmarotcechia  camerifera  in  the 
greatest  abundance,  in  places  making  up  the  entire  stratum.  On 
Sec.  17  in  the  valley  of  the  Willow  river  the  layer  again  outcrops. 
At  this  locality  the  specimens  are  better  preserved,  while  Romin- 
gerina julia  is  relatively  more  abundant.  These  species  are  dis- 
tinctive of  the  lower  Logan  in  central  Ohio,  and  while  it  is  im- 
possible to  demonstrate  the  same  relationship  here,  there  is  evi- 
dence when  taken  in  conjunction  with  the  underlying  beds  that  they 
form  an  integral  part  of  this  series  and  of  the  middle  Waverly  in 
general.  About  15  feet  below  are  the  fine  grained  and  uniform  blue 
grits  which  make  the  famous  Huron  county  grindstones.  In  and 
near  these  grits  occur  a  great  variety  of  fossils,  especially  of 
cephalopods  which  afford  little  data  for  comparison.  Some  of  the 
species  which  are  found  there  and  admit  of  identification  in  the 
"quarry  rocks"  of  central  Ohio,  are:  Syringothyris  carteri,  Edmondia 
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burlingto^mms  and  Ooniatites  lyoni.  Incidentally  it  might  be  ob- 
served that  these  species  are  considered  by  some  authors  as  char- 
acteristic of  the  Kinderhook  beds  of  Illinois.  The  lower  bed  of 
"peanut  conglomerate"  exposed  just  west  of  the  gristmill  at  Grind- 
stone City  is  characteristically  full  of  Nuculana  hellistriata,  a  form 
which  has  not  yet  been  found  in  Ohio.  If  we  continue  along  the 
coast  to  Point  aux  Barques  lighthouse  we  find  overlying  the  con- 
glomerate, streaks  of  sandstone  imbedded  in  the  shale  and  filled 
with  a  great  variety  of  fossils,  from  which  both  Rominger  and  Win- 
chell  have  mentioned  many  species,  and  which  will  undoubtedly 
yield  more  material  to  any  one  who  will  take  the  pains  to  work  them 
up.  From  this  bed  we  have  collected  many  species  which  are  more 
distinctly  Carboniferous  in  character  than  tho^e  from  the  Cuyahoga 
strata  farther  south.  Lithologically  the  formation  both  here  and 
in  the  valley  of  Willow  River  is  typically  lower  Logan,  faunally  the 
species  which  are  here  given  may  be  considered  typical  of  the  same 
horizon  along  with  some  species  which  have  not  yet  been  identified 
in  Ohio.  Of  the  former  we  have  identified  the  following  forms: 
Syringothyris  carteri,  Camarotccchia  sageriana,  Cryptonella  eudora,  Cren- 
ipecten  winchelU,?  Sanguinolites  naiadiformis,  Schizodus  triangularis,  Bel- 
leroplion  cyrtolites,  Pleurotomaria  strigellatta  and  Proetus  missouriensis. 
To  these  characteristic  species  may  be  added  Derhya  crassa,  Spirifer 
c^ntronatus,  Spirifer  Imronensis,  Eumetria  polypJeura,  Palwoneilo  mar- 
shallensis,  Leiopteria  halli  ?  and  many  other  forms  which  are  in  i:>art 
generally  distributed  throughout  the  lower  Carboniferous  in  Ohio, 
along  with  others  not  yet  found  in  that  region. 

Extending  from  the  beds  at  Flat  Rock  Point  west  of  Port  Austin 
to  the  heavy  bedded  dark  sandy  flags  overlying  the  Romingerina 
fulia  layer  west  of  Grindstone  City  we  have  110  feet  of  strata  which 
are  almost  barren  of  fossil  remains.  These  layers  which  are  em- 
braced in  the  lower  Marshall  have  their  base  200  feet  below  the  top 
of  the  low^er  Marshall  and  40  feet  or  less  above  the  Romingerina 
julia  zone.  I  have  placed  the  base  at  this  point  only  on  account  of 
the  negative  evidence  afforded  by  the  almost  entire  absence  of 
organic  remains,  together  with  the  physical  and  geographical 
changes  which  occurred  at  the  time  of  the  deposition  of  its  beds. 

The  base  of  this  series  consists  of  flags  succeeded  by  about  eight- 
een feet  of  massive  white  sandstone  at  Point  aux  Barques  hotel. 
Above  this  strata  for  about  sixty-five  feet  are  soft,  greenish,  slightly 
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micaceous,  then  bedded  slaty  or  sandy  blocks  rather  insufficiently 
exposed  in  which  the  only  fossil  found  was  a  species  of  Conularia 
too  poorly  preserved  for  identification,  but  which  may  be  the  species 
described  in  Ohio  as  Conularia  neichcrryi.  This  series  of  strata 
affords  a  problem  that  it  is  not  yet  possible  to  explain.  Strati- 
graphically  it  may  be  relatively  represented  in  part  by  conglomerate 
II  in  Ohio  which  separates  the  lower  and  upper  Logan,  and  I  am 
inclined  to  believe  that  this  may  be  proven  true.  Conglomerate  II 
does  not  extend  as  far  south  as  the  Ohio  river.  In  Ashland  county 
southeast  of  Mansfield  it  varies  in  within  a  distance  of  two  miles 
from  3  to  20  feet  in  thickness.  At  Wooster,  Ohio,  it  is  very-  nearly 
one  foot  tliick,  while  northwest  of  that  place  it  is  15  feet  in  thick- 
ness. Going  directly  east  from  there  it  is  not  represented  in  the 
valley  of  the  Kilbourn  river  where  the  strata  afford  an  otherwise 
continuous  section.  It  is  largely  problematic  to  attempt  to  bridge 
over  the  hiatus  from  this  point  to  the  outcrops  in  Huron  county,  but 
as  in  the  case  of  the  overlj'ing  and  underlying  beds,  I  think  that  it 
will  prove  true,  that  the  sediments  which  make  up  in  part  at  least 
the  remnant  of  strata  which  are  in  the  Ohio  basin  will  be  shown 
to  have  come  from  the  northwest  and  that  these  barren  strata  above 
mentioned  are  partially  represented  by  the  bed  of  conglomerate 
which  was  deposited  at  the  close  of  the  lower  Logan,  in  Ohio. 

Above  these  unfossiliferous  beds  there  is  an  abundant  fauna, 
which  is  the  typical  Marshall  according  to  Wiuchell  and  in  all 
probability  is  represented  by  the  lower  beds  of  the  upper  Logan  in 
central  and  southern  Ohio.  These  species  are  smaller  than  in  the 
fossiliferous  beds  at  Grindstone  City,  indicating  somewhat  more 
unfavorable  conditions  for  life  quite  in  harmony  with  the  series 
of  unfossiliferous  beds  below  and  above  as  A.  C.  Lane  says:  "The 
sutures  of  the  Goniatites  are  more  complex  than  they  are  below,  and 
there  are  several  species  of  lamellibranchs,  especially  aviculoid  and 
solenoid  forms  and  a  scarcity  of  brachiopods."  This  gives  the  fauna 
a  facies  considerably  resembling  that  over  Conglomerate  II  at  New- 
ark, Ohio.  This  series  comes  down  some  eighty-five  feet  or  less 
below  the  upper  Marshall.  The  only  species  identified  thus  far 
with  the  Ohio  species  from  approximately  the  same  horizon  are 
Ctenodonta  huhbardi,  Crrammysia  hannibalensis,  Prothyris  nieeki, 
and  Solen  quadrangulm'is.  In  other  parts  of  the  state  this  last 
species  is  quite  generally  distributed.  There  also  occur  in  the  same 
beds   Nucidana  simUis,  Myalina  viichiganensis,  Sanguinolites  amygda- 
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linvs,  Goniatitcs  h/oni?  and  several  other  forms  which  do  not  afford 
any  data  for  correlation.  In  a  general  way  these  beds  of  the  lower 
Marshall  conform  s-tratigraphically  and  paljBontologically  to  the 
upper  Logan,  and  in  the  absence  of  any  definite  data  they  might  be 
provisionally  regarded  as  forming  a  part  of  that  series. 

Immediately  above  this  series  of  strata  we  have  about  300  feet  of 
sandstone  which  is  exposed  in  the  Babbitt  quarry  near  Little  Oak 
Point,  at  Hat  Point,  and  various  places  near  Tyre,  but  has  proven 
unfossiliferous.  These  beds  form  the  Xapoleon  formation  of  Win- 
chell,  and  are  succeeded  by  the  beds  of  the  Michigan  (Salt  Group) 
Series  having  a  thickness  of  almost  two  hundred  feet  and  contain- 
ing gypsum,  which  indicates  that  it  was  laid  down  in  a  body  of  water 
largely  shut  off.  It  is  possible,  as  Mr.  Lane  suggests,  that  this  oc- 
curred at  the  time  tbe  upper  Logan  was  being  deposited  in  central 
and  southern  Ohio,  when  th^  strata  in  the  north  part  of  Ohio  were 
above  water,  until  the  time  of  the  formation  of  the  Carboniferous 
millstone  grit  and  thus  occupies  the  gap  in  the  geological  column  in 
northern  Ohio. 

The  Grand  Rapids  or  Bayport  limestone  is  extensively  quarried  ' 
in  the  Grand  Rapids  and  Bayport  quarries.  It  seems  to  mark  with- 
out doubt  the  culmination  of  the  depression  during  which  the  sea 
extended  quite  far  north  not  long  before  the  deposition  of  the  Coal 
Measures.  In  Muskingum  county,  Ohio,  these  beds  are  twenty-five 
feet  thick,  while  in  Licking  county  a  few  miles  further  north  they 
are  absent,  besides  a  considerable  portion  of  the  upper  Logan.  How- 
ever, in  the  lowest  coal  measure  conglomerate  eight  miles  northeast 
of  Newark,  Ohio,  a  large  number  of  fragments  of  limestone  were 
broken  out  which  contained  a  few  fossils  which  can  only  be  referred 
to  the  age  of  the  St.  Louis  or  Kaskaskia.  These  conglomerates  are 
also  full  of  impressions  of  Lepidodendron  and  Calamites.  The 
quartz  and  igneous  material  are  rounded  as  though  transported  from 
a  distance.  The  fragments  of  limestone,  however,  are  angular  and 
badly  decomposed  which  indicates  that  they  were  eroded  and  carried 
from  no  considerable  distance_,  certainly  from  a  source  nearer  than 
that  which  furnished  the  mass  of  the  rock.  We  have  here  then 
apparentl}-,  an  explanation  of  the  gap  which  exists  above  the  high- 
est formation  of  the  lower  Carboniferous  in  northern  Ohio,  and 
incidentally  of  the  hiatus  which  is  found  in  the  upper  horizons  of  the 
different  basins  in  Ohio  and  Pennsylvania.    This  correlation  is  based 
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upon  the  following  species:  Lithostrotion  caruidense.  Spirifer  glaber, 
Athyris  siibtilita,  Allorisma  clavata,  AUorisma  elongata,  Schizodus  Chester- 
ensis,  Bellerophon  subhevis,  and  Fhillipsia  longispina. 

The  correlations  which  have  here  been  stated  may  be  modified, 
but  in  so  far  as  they  relate  to  Huron  county  I  do  not  think  that  any 
modification  will  materially  alter  the  relationship.  It  is  reserved 
for  a  future  time  to  determine  hoAv  far  the  same  sequence  holds  good 
for  the  other  parts  of  the  state. 

Newberry  Library,  Chicago,  Illinois,  April  1,  1898. 

§  4.    Fossils  of  the  Soule  and  Bayport  limestones. 

As  we  have  said  the  outcrops  of  the  Xapoleon  sandstones,  whether 
at  Hat  Point,  the  Babbitt  sandstone  quarries,  or  at  any  other  of  the 
exposures  have  not  yet  yielded  fossils. 

(a).    Soule  and  Oak  Point,  Michigan  series.* 

The  Michigan  series  has  also  proved  sparingly  fossiliferous  to 
our  researches,  but  Rominger  seems  to  have  been  more  successful. 

Around  Oak  Point  on  Sec.  18,  T.  18,  R.  11.  he  gives  the  following 
list,  p.  103. 

ProducUis  ventral  valve  very  convex,  shallow,  sinuated  in  the 
median  line,  and  covered  by  from  40  to  50  sub-equal  ribs. 
Retzia,  like  R.  vera,  i.  e.    Eumetria  marcyi. 
Terebratula  like  Cryptonella  eudora  (generic  reference  doubtful). 
Spirifer  (marionensis)? 
Spiriferina  (spinosa). 

All  these  specific  identifications  are  very  doubtful  and  the  speci- 
mens in  loose  fragments  not  absolutely  in  place;  crinoids,  bryozoa, 
brachiopods,  and  bivalves  were  well  represented. 

In  dredging  Caseville  Harbor  rounded  strongly  driftworn  bould- 
ers, of  similar  lithological  character  enclosing  similar  fossils  are 
found,  and  among  them  are  dark  bluish  colored  fine  grained  rocks 
crowded  with  shells  of  Myalina,  Modiolopsis,  Schizodus,  with  some 
Rhynchonella,  Terebratula,  Retzia,  etc.,  intermingled.  These  may 
very  likely  be  from  sublacustrine  outcrops  of  the  Marshall.  Win- 
chell  found  no  fossils. 

The  Productus  seems  to  be  near  Productus  arciiatm  (Sp.  19009) 
though  our  one  specimen  is  badly  crushed.  One  specimen  of  Spirifer 
with  five  striations  in  the  sinus,  appears  to  be  Spirifer  forbesi,  the 
hinge  line  being  quite  long.    We  doubt  Rominger's  identification  of 


•See  pp.  12  to  16,  103  to  113. 
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Sp.  marionetisis,  and  probably  he  only  intended  to  express  general 
resemblance.  Quite  likely  there  are  other  Spirifers  present,  but  all 
seem  to  have  a  striated  sinus.  The  investigations  indicate  a 
brachiopodous  fauna  quite  in  contrast  with  that  of  the  Marshall, 
though  apparently  most  of  the  specimens  come  from  near  the  lower 
part  of  the  series,  say  the  lowest  hundred  feet. 

Geo.  H.  Girty  has  found  Nautilus,  Lituites,  Orthoceras,  Spiri- 
ferina  kentucJctjensis  (?),  Froductus  rushvillensis  (?),  Rhynchonella, 
Derbya  and  plant  remains. 

The  fauna  certainly  is  not  inconsistent  with  the  Augusta  (Burling- 
ton-Keokuk) group;  lithologically  it  is  most  allied  with  the  Keokuk. 
Both  Rominger  and  Winchell  assume  a  closer  affiliation  of  this 
group  with  the  Bayport  rocks  than  is  warranted  as  it  seems  to  me. 
Not  only  is  there  the  difference  already  described,  in  lithological 
character  and  character  of  well  water,  but  also  a  different  fauna,  so 
far  as  I  can  judge.  I  have  seen  fossils  from  this  group  in  the  quar- 
ries at  Alabaster,  Iosco  county,  and  studies  in  that  county  will 
doubtless  throw  more  light  upon  the  subject. 

(b).  (Bayport)  Maxville  limestones.  (200-247  feet  above  the  top 
of  the  Napoleon  sandstone.)  The  general  equivalent  of  the  outcrops 
around  Bayport,  and  the  islands  off  the  shore,  and  the  outcrops 
around  the  Shebeon,  and  the  Charity  islands  has  been  remarked  by 
all  observers.  Under  the  Lithostrotion  beds,  are  certainly  the  more 
compact  beds  with  chert  nodules  and  Syriugopora,  Allorisma  and 
Productus. 

The  following  table  shows  the  fauna  so  far  as  it  has  been  deter- 
mined. In  the  &rSt  column  is  given  the  names  of  the  fossil  forms. 
There  is  undoubtedly  a  great  deal  of  synonymy,  and  probable 
synonyms  so  far  as  the  names  have  been  applied  to  forms  in  this 
limestone  are  grouped  together.  Identifications  which  I  strongly 
question  are  bracketed.  In  the  following  columns  I  have  given 
reference  to  the  author  who  has  mentioned  the  form  in  the  present 
connection,  and  also  given  the  numbers  of  the  Survey  specimens, 
which  appear  to  contain  the  given  form,  indicating  19000  by  '000, 
etc.  In  some  cases  the  numbers  and  references  may  not  refer  to 
exactly  the  same  but  only  a  similar  species,  as  is  more  fully  ex- 
plained in  the  foot  notes.  I  have  divided  the  references  into  four 
columns.  The  first  contains  all  references  to  the  exposures  at  Bay- 
port,  including  also  the  islands  of  Wild  Fowl  Bay;  the  second  in- 
cludes all  the  references  to  the  Charity  islands.    The  third  includes 


296 


HURON  COUNTY. 


all  references  to  tlie  Shebeon  locations,  and  the  last  contains  refer- 
ences to  other  places,  particularly  to  Grand  Rapids,  and  to  the  Max- 
ville  limestone  outcrops  of  Ohio. 

The  palteontological  evidence  thus  accumulated  as  to  the  age  of 
these  limestones  is  quite  satisfactory.  Winchell  at  first  was  in- 
clined to  think  that  the  limestones  in  question  might,  include  at- 
tenuated representatives  of  the  Mississippi  limestones  from  the 
"geode  bed,"  i.  e.,  upper  Augusta  up  into  the  Kaskaskia,  and  in 
Walling's  Atlas  he  considers  that  the  St.  Louis  and  part  of  the 
Keokuk  are  represented,  from  the  presence  of  Lithostrotiou  mnadense 
and  Spirifera  keokuk.  Rominger  does  not  attempt  to  assign  the 
horizon  closely.  Dr.  C.  H.  Gordon  visited  the  Shebeon  localities  at 
my  request,  and  from  a  brief  observation,  was  inclined  to  place  them 
as  Upper  Lower  Carboniferous,  at  least  as  high  as  the  Saint  Louis. 
Whitfield  refers  the  equivalent  Maxville  limestones  of  Ohio,  to  the 
Saint  Louis-Chester  groups.  Thus  there  is  a  prima  facie  case  that 
the  limestones  belong  in  part  at  least  to  the  St.  Louis.  But  when 
we  come  to  study  the  aflSnities  closely,  it  seems  to  me  that  the 
aflQnities  are  more  strongly  with  the  Kaskaskia — (Chester)  than  with 
the  Keokuk.  Allorisma  clavata,  Zaphrentis  sjyinulosa,  Athyris  sub- 
lamellosa,  Spirifera  glaher,  v.  contractus,  lerehratula  sub-retzite- 
f  or  mis.  and  the  form  which  Winchell  took  for  Spirifer  keokuk,  which 
I  think  to  be  near  Spiriferina  spinosa,  all  point  that  way,  thus  agree- 
ing in  placing  it  close  to  the  dividing  line  between  the  St.  Louis  and 
the  Kaskaskia.  But  the  highly  characteristic  Lithostrotia,  L.canadense 
and  L.  proliferum  and  numerous  other  forms  closely  like  those  in  the 
Saint  Louis,  viz.,  Productus  altonoisis,  Athyris  trinucleus,  Bellerophoii 
sui-hevis,  together  with  the  fact  that  it  must  mark  an  era  of  con- 
tinental depression  seem  to  make  it  nearly  coeval  with  the  top  of 
the  Saint  Louis,  even  though  the  fauna  has  as  strong  or  stronger 
affinities  with  the  Kaskaskia.  One  might  be  tempted  to  separate 
off  the  Shebeon  outcrop  with  Zaphrentis.  and  Spiriferina  spinosa 
and  refer  them  alone  to  the  Kaskaskia,  but  the  Spiriferina  is  not  atypi- 
cal S.  spinosa,  but  is  almost  certainly  the  form  referred  to  by  Win- 
chell as  Spirifer  keokuk  and  occurs  associated  with  a  form  exceed- 
ingly like  A.  trinucleus  and  a  Phillipsia.  Moreover  we  are  not  sure 
that  the  Shebeon  specimens  are  above  those  of  Bayport,  but  even 
if  they  are,  there  is  not  more  than  fifty  feet  or  so  in  the  section. 
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Winchell's  general  idea  seems  to  be  very  nearly  right,  except  that 
the  horizon  is  a  little  higher  than  he  supposed. 

The  Lithostrotia  are  illustrated  by  Rominger  in  Vol.  III.  PI.  LV. 
The  remaining  forms  must  await  a  closer  study  of  the  Kent  Scien- 
tific Institute^  Strong's  and  the  Winchell  collection  before  they  can 
be  gone  into  more  thoroughly,  and  that  will  be  the  time  to  illus- 
trate them. 

The  fragments  of  vegetation  as  yet  discovered  from  the  Sebewaing 
Coal  mines  do  not  deserve  an  elaborate  description.  Ferns  are 
notably  absent,  rushes,  stems  and  Stigmaria,  are  the  commoner 
forms. 

References  are  indicated  for  the  first  column  thus:  R  =  Vol.  Ill 
of  our  reports  on  p.  120;  W.  =  Winchell's  lists  given  in  the  1860 
report,  pp.  100,  103-110:  Our  specimens,  from  19000-19008  are  from 
the  quarries;  Sps.  19170  —  19173  from  725  paces  N.,  2000  W.  in  Sec. 
36,  T.  17  N.,  R.  9  E.;  Sps.  19206  —  19207  from  the  shore  of  Wild 
Fowl  Bay;  Sps.  19208  —  19219  are  from  North  Island.  St.  I  refers 
to  Stone  Island. 

For  the  second  column  the  references  are:  G.  W.,  list  from 
Charity  island  by  Winchell,  1860  report,  pp.  101-110;  L.  W.  list  from 
little  Charity,  same  reference;  R.  Rominger's  list,  p.  119;  our  num- 
bers may  be  compared  with  the  description  of  the  locality  in  Chapter 
V,  §  4.  For  the  Shebeon  (Cheboyong)  W.  refers  to  Winchell's  list, 
1860  report,  pp.  100-113;  and  possibly  some  of  the  forms  of  Romin- 
ger's Bayport  list  come  from  the  Shebeon. 

In  the  last  column  M.  refers  to  fossils  from  the  Maxville  limestone 
of  Ohio,  described  by  Whitfield,  in  Vol.  VII,  of  the  Ohio  reports. 

G.  R.  S.  refers  to  fossils  collected  by  Strong  at  Grand  Rapids,  and 
described  in  No.  3  of  the  Proceedings  of  the  Kent  Scientific  Institute. 

No.  8  of  these  proceedings  I  have  not  yet  seen. 

G.  R.  W.  refers  to  Winchell's  lists  from  Grand  Rapids,  1860  re- 
port, pp.  103-110. 

Wh.  refers  to  lists  of  fossils  from  Grand  Rapids,  given  in  a 
paper  by  Mr.  C.  A.  Whittemore  before  the  Michigan  Academy  of 
Science  in  December,  1895,  (First  Report,  p.  63),  or  furnished  in  MSS 
by  him  from  the  labels  of  the  Kent  Scientific  Institute  Collection. 
There  are  a  number  of  other  lists  given  by  Rominger  at  various  pages 
and  cited  by  R.  with  reference  to  the  page  number  (111  to  119). 
38-Pt.  II. 
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TABLE  VI.-FOSSILS  OF  THE  (MAXVILLE)  BAYPORT  LIMESTONE. 


near 
Bayport. 

Great  and 
Little 
Charity 
Islands. 

Locations 
near  the 
Shebeon. 

Other 
locations. 

G.R.Win. 
Mich. 
Win.  M. 

»M. 

(4)  Productus  pilei/ormis,  cf .  Productus  cova, . 

Productus  (elegans)  cestriensis  cf.  fascicu- 

.006 
N.  I 
'199 

Productm  fasciculatus  f  TTA  

Productus  (Wilberanus)  nebraskaensis  

Productus  (delicate)  too  finely  striated  for 
P.  elegans,  too  coarse  for  P.  pileiformis.  . 

St.  I 

182 

246,  '247 

Wh.  3  sp. 

Productus  (unstriated  1  punctatus?)  

Girty. 

G  R  Win. 

R.  .006 

'176 
'183 
R. 

upper  beds 

G.R.Win.  R. 
R.  118,113,116 

Wh. 

Streptorhyfichus  crassum,  cf.  Irthis  lasel- 
lensis  (cf.  ffemipronites  crassum)=Derbya 
crassa  

'251 

G.  R.  Win. 

Orthis  umbraculum  ^  &  0.  robusia  with  Phil- 
lipsio  longispina  cf.  Stveptovhynchus  utn- 
braculuTfi  

'183 

St.  I 

G.  R.  Win. 

1 

cf .  T.  ambigua  

N.  1 
■192 

'199 
'192 
'197 

'246 

G.  R.  Win. 
W.  L. 

—  Seminula  quadrata  

Athyris  sublamellosa  

'202 
'181? 

G.  R  Win. 
G.  R.  Win. 
Pt.  AuGres. 

Athvris?  

'249 

Spirifera.  {Martinia)  glaber,  var.  contractus 

'249 

M. 

Compare  Terebratula  rhomboidea,  and  roysii 



G.  R.  Win. 
M. 

Tfi.rfihrntnln  suhrfi./zinefnrmix    

G.  R.  W. 

Terebratula  

St. 
L  Win. 
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Locations 

near 
Bayport. 

Great  and 
Little 
Charity 

Locations 
near  the 
Shebeon. 

Other 
locations. 

Pt.  AuGres. 

Wh. 
G.  R.  S. 

(e)  Spirifer  rockymontana,  cf.  opima  and  Keo- 
kuk^.) Wh  •  

Spirif(r   keokuk  v.  Halli,  cf.  Spiriferina 

'173 

'7-'37 

'246 

M. 

G.  R  Win. 
Wh. 

R.  '003 
Girty  N.  I 
'217 

R.  '001, '110 
'208,  212 

G.  R.  W.  L. 

G.  R.  R. 
G.  R. 

Pt.  Au 
Ores  Win. 
Pt.  Au 
Gres,  R  118. 
M. 

R.  118. 
113.  G.  R. 
Wh. 

Lithostrotion  (longiconicuin  ?  =  proliferum) 

G.  W.'178 
'197'180'208 
R.  upper 
■183 

w-°' 

R.  112 

Cyathophyllum  ?  More  expanded  and  irreg- 

Girty? 

Win.  R. 

'005 

Girty 
R. 

G.  W.&L.W. 
'175 

R.  up'r.  207 

R  PI.  l!v  . 

'254 

Zaphrentis  cUffordana.  Wh  

Grand  R 

M. 

Crinoid  stems,  2  or  more  species  

'006 

'246-'250 

R.  114. 
G.  R.  R. 

M. 

R. 

N.  I 
'193 
'201 
•217 

•243 
'244 
•249 

G.  R.  Win. 
Wh. 

R.  118. 
R.  113. 

Fenestella  membranacea  

Fenestella  -sp.?  

Trematopora  

170 

R. 

G  R  Win 
M.  R,lll.  ' 
R.  113. 
Gr.  R.  R.  Ill 

Polypora  (cf.  shumardiif)  

Polypora  rarsoviensis?  Wh.  

R. 

R. 

Gr.  R. 
Win. 
M. 

Cladoporar  sp  

G.  R  Win. 

Cladopora  '.  

Coscinium  ?  

Monticulipora  ?  (Rhinopora)  

"'g.'vj'.'" 

G.  W. 

G.  R.  Win. 

Ptilodictva  Y  (Stietopoi-a)  

G.  R  Win. 

Synocladia  rectixitjla  

Stylinia  astraet  fonnis  

Dipkiphyllum  coiutt  ictnin  

(3)  Chert  nodules  

N.  I 

212 

 ''m 

179 
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Bayport. 

Charity. 

Shebeen. 

M. 
M. 
M. 

R.  118. 

s. '  ■  ■ 

G.  R.  R.  12. 
M. 

G.  R.  Win. 

G.  R.  S.  M. 
G.  R  S. 

G.  R.  Win. 
G  R  ?. 
Win.  R. 
G.  R.  ?  Win. 
G.  R.  S. 

(7)  1 

Allorisma  subcuneata,  concentrica  or 
andrewsi,  Wh  

^'ooo' 

R.  007 

St.I.,'213N.I 

'007  '171 
'008 

'189 
G  Rom  '179 

G  C.  Win 
''l86 
'189  '189 
'180 

Allorisma  clavata  or  maxvillensis. 
Wh  

Cf.  A.  simtata  

A    ?        In  ^ 

Win 

247 
'247 

Cf  LUhodowii  ^  jen kin  ion i 

[       {A.  .ndcata.)  

'808 

Win 
Win? 

'218 
R. 

M. 

G.  R  R. 
G.  R.  S. 

Cypris  or  Cythere  

A  viculopecten  ?  Streptorhyncus  ? . 

Euomphalus  f  stimilU  

'218 
Lane  ? 

Wh. 
G.  R.  S. 
G.  R.  Win. 
Wh.  B. 

Bellevue. 

Win. 

(8)  \ 

I  [Fhaeops  bufo  r  Decamp]  

N.  I. 
'195 
214 

G.Win.  177 
184 
'185 

'246 

G.RWin.R. 
G.  R.  S.  Wl. 
G.  R.  Wh. 
G.  R.  Wh. 

Phillipsia  ?  cf.  brongiarti  

N.  I. 

Cladodm  irreqularis  (Strong)  

Psammoduf:  

R.  '196 

R. 

Win.  G.RS. 
R. 

R.  113. 
G.  R.  S. 

Vtenacanthn.i  gnu  tllhhus  f  

He.lofhic  cravilatn^  

R. 

''l's>6 
'196 

G.  R.  S. 

G.  R.  S.Wh. 

Strapai  o!l>i.i  sii/ii!is  

Naticoiisix  zh-zac.  AVh  

Holopta  „.,rlOn^l,>:t,  

'246 

M. 
M. 

M. 

Mac-i-0<-hf-,hi.<  su),.  „rpuhnt„i  

 1  

M 

Polyph,mtq,sis  ,i,flanr,hlf»  

M. 

BelUrophiiji  subUn  is  or  B.  magna.. . . 

'000  '210 

G.  R  S. 
R.  113. 
Wh.  M. 

G.  R.  S. 
G.  R.  S. 

(9) 

M. 

G.  R.  S. 

Xanfihts  pauper  

196  '252 

M. 

G.  R.  S. 

G.  R.  S. 

G.  R.  S. 
M. 

Pleurotoniaiia    (c/iesterensis)  subsi- 
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Notes  on  the  table  of  fossils  from  the  Bayport  and  kindred  lime- 
stones. 

(1.)  The  Lithostrotia  are  figured  by  Rominger,  Vol.  Ill,  PI.  LV, 
also  Zaphrcntis  spinulosa. 

(2.)  At  least  four  species  of  bryozoa  are  well  preserved  in  the 
Shebeon  specimens. 

(3.)  The  chert  nodules,  which  occasionally  contain  fossils  are 
often  pear  shaped,  with  a  pit  in  one  end,  and  apparently  there  are 
outlines  of  sponge  spicules  in  the  chert,  but  Girty  found  that  sec- 
tions show  almost  no  organic  remains.  . 

(4.)  The  genus  Productus  is  protean.  It  is  impossible  for  me  to 
eliminate  the  synonymy.  Rominger  referred  the  Product!  almost 
uniformly  to  flemmiriffii,  probably  referring  to  Hall's  variety.*  Many 
of  them  are  much  like  this.  But  on  the  other  hand  there  are  forms 
(Sp.  19176),  which  have  marked  concentric  corrugations  of  the  pat- 
tern of  Productus  Gostatus.    Girty  finds  two  species,  one  P.  punctatm. 

(5.)  The  Survey  specimens,  especially  the  numerous  ones  in  Sp. 
19246  are  small,  and  seem  nearer  A.  triniiclcus.  There  may  be  tere- 
bratuloids  among  the  forms  which  we  have  referred  to  Athyris. 

(6.)  The  specimens  which  we  have  collected  from  the  same  lo- 
cality and  can  hardly  be  other  than  those  which  Winchell  has  re- 
ferred to  Spirifer  keokuk,  are  distinctly  punctate^  with  line  of 
growth  also  running  back  on  the  ribs.  The  sinus  and  fold  are  variable, 
either  smooth  or  with  one  or  two  ridges.  There  are  about  five  ridges 
on  either  side.  The  strongly  inrolled  beak,  shape  of  area,  etc.,  are  as 
Winchell  described  and  like  Whitfield's  figure  of  8 p.  rockymontana,-f 
I  cannot  but  refer  it  to  Spiriferina  spinosa  which  is  a  good  deal  like 
Spiriferina  kentuckycnsis  and  suspect  that  Winchell's,  perhaps  also 
WTiitfleld's  specimens  were  imperfectly  preserved. 

(7.)  The  Allorismas  are  another  protean  genus,  occurring  in  great 
variety  of  size  and  form,  but  most  frequently  having  the  sinus  from 
the  beak  to  the  ventral  margin  nearly  or  quite  unobservable.  The 
external  ligament  is  shown  by  the  very  frequent  occurrence  of  the 
shells  in  pairs,  sometimes  closed,  often  spread  apart.  In  sandier 
layers  the  shells  seem  liable  to  reach  a  larger  size.  There  are  at 
last  two  varieties,  a  small  type  of  which  maxvillensis  Whitfield  and 
quadrata  Strong  seem  to  be  names,  and  a  larger  type  at  times  not 
essentially  distinguishable  from  subcimeata,  to  which  the  descrip- 


♦Geol.  Iowa,  1858.  Vol.  1.  =  F.  burlinqtonensis. 
tOhio  reports,  Vol.  VII.  Fig.  S:0,  PL  Ix. 
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tions  of  A.  andrewsi  Whitfield  and  A.  elongata  Strong  A.  seem  to  be 
applicable. 

Strong's  descriptions  of  A.  elongata  and  A.  qiuidrata  are  as  follows: 
"Xo.  46.  Allorisma  elmigata.  (n.  sp.)  Like  the  above  [J..  swi?«ito]," 
except  more  elongated  posteriorly,  wholly  without  sinus  upon  the 
ventral  margin  or  depression  upon  the  valves,  and  beaks  nearer  the 
anterior  end.  An  undistorted  specimen  of  medium  size  gives  the  fol- 
lowing measurements:  Length,  64,  height  to  hinge  line,  23.5;  height 
to  summit  of  beaks,  25.4;  greatest  thickness,  20.  Beaks  one-ninth  the 
length  of  the  shell  from  the  anterior  end  (varying  in  different  speci- 
mens from  one-seventh  to  one-tenth) ;  twenty-eight  concentric  ridges 
■ — which  in  this  case  are  pretty  persistent — can  be  counted  upon  each 
valve.  A  specimen  one  and  one-half  inches  long  gave  analogous 
results. 

"No.  47.  Allorisma  qnadrafa.  (n.  sp.)  Like  the  above,  except 
smaller,  relatively  broader,  with  posterior  end  more  quadrate.  A 
specimen  of  full  size,  and  undistorted  gives  the  following  measure- 
ments: Length,  31;  thirty-nine  concentric  ridges  in  fasciculi  of  two, 
three,  or  four  which  often  unite  upon  the  posterior  end. 

''(The  author  has  recently  endeavored  to  refer  to  the  above  species 
described  several  years  since,  about  seventy  specimens,  collected  this 
season.  He  finds  none  of  Xo.  45,  fourteen  of  Xo.  46,  forty-one  of  No.. 
47,  and  a  remainder  of  heterogeneous  material  including  a  few  in- 
dividuals strongly  resembling  Owen's  figure  of  A.  rcgiilaris;  a  few 
not  unlike  A.  clavata.  and  almost  every  degree  of  variation  between 
these  forms  and  the  three  described  above.  Many  resemble  Fig.  2, 
PI.  22,  Vol.  v..  Pal.  Ills.  He  had  formerly  believed,  that  Nos.  46 
and  47  were  distinct  from  No.  45,  as  he  had  never  found  them  in  the 
same  horizon;  but  recently  he  has  found  the  two  fftrrtier  associated 
in  strata  3  and  4,  Taylor's  quarry.  It  is  questionable  whether  we 
have  more  than  one  species  of  this  genus)." 

It  will  be  seen  that  he  is  inclined  to  consider  them  both  varieties 
of  A.  sinii-ata.    As  varietal  names  I  think  they  will  stand. 

(8.)    Strong's  description  of  Phillipsia  longispina  is  as  follows: 

"No.  14.  PJiilUpsia  longispina.  fn.  sp.)  Outline  elongated  ellipti- 
cal sides  nearly  straight,  ends  evenly  rounded;  head,  thorax  and 
pygidium  nearly  equal  in  breadth. 

"Glabella  with  posterior  lobes  small,  anterior  moderately  large, 
evenly  convex,  without  margin;  facial  suture  nearly  as  in  P.  Port- 
lochii  neck  segment  about  as  wide  as  the  thoracic,  and  continued 
backward  in  a  narrow  spine  which  extends  beyond  the  thorax  and  is 
applied  so  closely  to  it  as  not  to  interfere  with  the  elliptical  outline; 
neck  furrow  shallow,  curving  backward  strongly  and  terminating  at 
the  lateral  furrows  of  the  cheeks.  Thorax  and  pygidium  much  as  in 
P.  Portlocki  except  that  the  border  of  the  latter  is  very  broad,  equal- 
ing in  breadth  the  lateral  lobes.  One  specimen  from  Scribner's 
quarrv  yields  the  following  measurements:  Length,  44.4;  of  head 
15.3:  W  thorax,  12.1;  breadth  of  head,  21.2;  of  thorax,  21.9;  of 
pygidium  20.4." 
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We  may  add  as  applicable  to  our  specimens,  eye  facetted,  kidney 
shaped,  very  prominent. 

Axis  of  pygidium  very  high,  continued  nearly  to  the  end,  with  11 
or  more  segments,  margin  smooth.  The  axis  and  the  thoracic  seg- 
ments on  each  side  are  ornamented  with  a  row  of  tubercles.  All  of 
our  specimens  show  pygidium  or  glabella  or  eye,  or  cheek  spine  as 
separate  fragments,  but  Strong  had  a  nearly  complete  specimen,  and 
I  have  seen  one  in  the  collection  of  Mrs.  W.  L.  Webber  of  Saginaw. 
The  species  is  a  well  marked  one  and  w^herein  it  differs  from  P. 
portlocki,  approaches  coal  measure  forms. 

(9.)  In  the  Bayport  quarries  I  could  see  traces  of  large  coiled 
shells,  but  was  not  able  to  extract  them,  and  do  not  know  whether 
they  belong  to  Euomphalus  or  Nautilus,  beside  the  Bellerophon 
form. 

Girty  collected  some  large  coiled  shells  from  the  Bayport  quarries 
which  proved  to  be  a  robust  species  of  Bellerophon — all  internal 
casts  and  species  not  yet  determined. 
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N.  B. — The  plants  mentioned  in  the  list  on  pp.  239  to  245,  the  recent  shells 
isted  on  pp.  250  to  252,  and  the  fossils  of  the  St.  Louis  (Bayport)  limestone, 
listed  on  pp.  298  to  300  are  not  indexed. 


Absorption  rates  of  stone   211 

Acanthaspis   282 

Ackerman,  J   170 

Adams,  Anton   162 

Adams,!.,  well  of.  .95, 101, 147, 170, 

178,  189,  190 

Addison,  Mr   200 

Adrian   32 

Agnew,  Mr   184 

Ahearn,  Ed.   190 

Ahearn,  D   191 

Alabaster  13,  226,  295 

Ale,  gypsum  water  for   130 

Algonquin,  lake.  .51,  75,  76,  79,  81, 

82,  87,  89,  204,  228,  248,  283 
Allen  Creek  (river).. 39,  45,  77,  86, 

93,  288 

Allorisma.  .13,  105.  106,  107,  108, 

109,  111,  295,  301 

quad  rata  301,  302 

andrewsi   302 

elavata  294,  296,  302 

elongata  294,  302 

regularis   302 

sinuata   302 

subcuneatum   301 

Allnviam   9 

Alma  59,  98,  101,  247 

Alpena  29,  160 

Altitudes  44,  51 

Amboc(Plia  umbonata   286 

39-PT.  II. 


Amphibole   232 

Analyses.  .133,  135,  138,  146,  175, 

177,  178,  209,  214,  216,  218.  225 

Anderson,  Ueo.   179 

Andrews,  E.  35,  78,  82,  83,  84,  286 

Ankerite     231 

Ann  Arbor   63 

Antliracoptera  elongata   284 

.irenac  county   106 

Arenaceous  shale   90 

See  also  shale. 

Arkona  Beach   65 

Arlington  House     166 

Armbruster,  A   152 

Arnold,  N.  P  32,  185 

Aroostook  county,  Maine  marl   249 

Artesian  wells  43,  218 

"         "    failure  of   122 

Ash,  in  coal   218 

Ashland  county,  Ohio   292 

Ashley    63,  64 

Ashqnaguindaigue   3 

(See  synonyms  of  table  I.) 

Athyris   256,  267,  301 

(cf.  laraellosa)  ohioensis .  20, 

105,  106,  279 

sublamellosa   296 

subtilita   294 

tri  nucleus  296,  301 

Atrypa  reticularis  61,  286,  287 

Anblam,  A   165 

Augusta  limestone  98,  295,  296 

See  also  Michigax  series. 
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An  Sable  River  222 

Aviculopecteu   260 

areolatus   262 

Ayres'  well  136,  200,  224 


B. 


Babbitt,  sandstone  quarry.  .16,  90, 

96,  207,  293,  294 

Bach,  C.  F   146 

Badaxe..lO,  43,  45,  47,  49,  70,  87, 

123,  128.  133,  137,  138,  173, 
174,  175,  203,  207,  209,  227, 

244.  248,  249 
flowing  well  at.  .43,  86,  90,  172 

Baird  k  Prestage   155 

Banker,  A.  F   198 

Bannister  63,  64 

Barr,  J  167,  180 

Baskiu,  Geo   158 

Battle  Creek  273,  277,  285,  288 

Baner,  J..  .12, 14, 100. 103,  111,  113, 

114,  145 

Bay  City  12,  27,  29,  91 

Bay  port.  .10.  12,  14,  19,  28,48,75, 
87.  91,  97,  98,  107,  108,  121. 

124.  127,  134.  136,  138,  145. 
161.  163,  178,  230.  234,  240. 
242,  243,  244,  245,  249,  295, 

296,  297,  298 
limestone.. 12, 13, 15, 16,  90, 
97,  103.  104,  105,  122,  127, 
130.  156,215,  216,  221,229, 
231,  247,  286.  290,  293,  294 

295,  298,  301 
quarries  near.. 5, 11,  55,  60. 
107,111,  112.164.213,  228, 

293,  303 

Beach  lines  51,  79 

See  also  pp.  62,  78  and  Elk-  i 
TON  Beach, Forest  Beach. 
Grassmere,   Lake  Al- 
gonquin. 
Beal  &  Wheeler's  Michigan  Flora.  239 

Bean,  H.   184 

Bear  Lake  10,56,  203 

Beaver  dams   202 

Beck,  Carl   143 

Becker,  F   151 

Becker,  H   171 

Beck's  well  91.  147 

Bedford  shale  29.  177.  201.  286,  287 


Beers,  F.  W   8 

Bellerophon  106,  107,  284,  303 

barquensis   276 

cyrtolites   291 

galericulatus  273,  276,  284,  289 

michiganensis   276 

nautiloides   284 

subla?vis   294 

urei  273,  274 

Benchmark  .36.  37 

Benedict,  A.  C  111.  21.3,  214,  215 

Berea  grit..  16,  26,  27,  28,  29,  30, 
137,  160,  177,  188,  199,  201, 

205,  225,  252,  286 
Berea  shale.. 23,  27,  177,  188,  199, 

201,  286,  287 

Berea  brines  of   135 

Bergman,  H   166 

Berne  46,  102.  181 

Big  Charity  Island  97.  105 

See  Charity  Island. 
Bingham  Township,  (T.  15  X.,  - 
R.  13  E.).  ..52.  66,  67,  68,  69,  157 

Section  1   67 

2  66,  67,  157 

3   68 

4   68 

6   69 

7   69 

8  69,  157 

"      9  ...157 

"     10   157 

"     12   67 

"     14   66 

"     15   66 

'•     16   158 

"     17   158 

"     18   158 

"    19  52,  69,  158 

"     20  66,  158 

"    21   158 

"    22   66 

"     23  67,  158 

"    29   158 

"    30   158 

"     31  .52,66,  1.58 

"    32   68 

34  63,  64,  65 

"     35   65 

'•     36   66 

Bird  Creek   128 

Bittern   225 
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Black  River  7,  65,  67 

Blast  furnace   214 

Bleicher,  J   194 

Block  stone   207 

Bloomfield  Township  (T.  17  N., 

R.  14  E.)  43,  52,  133 

Sections  92,  93 

9   52 

"     20   52 

"     31   52 

Blueberry    204,  241 

Blnnde,  August  •.  '  167 

Bog  iron  ore  10,  230 

Boiler  water   130 

Bone  coal   117 

Botanical  notes  234-246 

Boalder  benches   74 

Boulder  clay.   See  Till   11 

Boulders.. 2,  10,  1.32,  160,  193.  203, 

204,  210,  232 

Bowsprit   1 

Brachiopods  17,  285,  289,  292 

See  names  of  genera. 

Brachythyris   256 

Branch  county  27,  208,  287 

Braun.   See  Brown. 

Brecciation   107 

Brennan,  Robt.   178 

Brick  208,  210,  212 

Brickyard  170.  209.  210,  211 

Brinning,  A   197 

Broken  Rocks  20.  21,  51 

Bromine  135,  137,  225 

Brookfield  Township,  (T.  15  N., 

R.  10  E.). .  ..54,  62,  74,  127, 

131,  153,  154,  1.55 

Section  1   153 

2   153 

3  62,  153 

"      5   153 

6   153 

7   154 

8   154 

"     10  102,  154 

"     11   154 

"     13   154 

"     14  53,  154 

"     15   155 

"     21  to  36   154 

Brown,  Jacob  161,  168 

R.  A  93,  174,  177 

Bryozoa  20,  104,  106,  261,  279,  301 


Buckley,  E.  R   207 

Buena  Vista  Flags  286,  287,  288 

Building  stone   108 

Bullock,  D..  .7,  160,  161,  162,  166, 

170,  173,  178,  179,  189 

Bnrbank,  Ohio  289,  290 

Burgess,  J.  M.   156 

S   174 

Burley,  \Vm.  F   188 

Burlington,  15,  i6,  286 

Burnt  Cabin  Point  7,  40 

Buschlein,  C  162,  168 

Butler,  Capt   215 

Buttars,  J   200 

Byproducts   225 

C. 

Calaniites  278,  293 

Calcite  2,  231 

Calcium  104,  133,  142 

Calcareous  tufa   231 

Caldwell,  H.  W   207 

Calhoun  county   280 

Caniarophoria   269 

Camarotoechia  (R.)camerifera..l7, 

21,  23,  92,  267,  268,271,  278,  290 

hubbardi   275 

huronensis  257 

sageriana   291 

Campau,  3Ir   189 

Campbell,  J.  \V..  .114, 145, 146, 151,  191 

Canipeloma   249 

Canada  thistle   241 

Canadian  continent  16,  99 

*  rock     61 

Caudagalli  88,  253 

Carboniferous . .  22,  23.  267,  268,  286, 

287,  291 

conglomerate. . .  .287,  293 

Cardinia   285 

Cardiopsis  crenistriata   274 

megambonata   274 

Carpenter,  Mr  191,  200 

Carrington  28,  200,  204,  224 

salt  block   241 

Carver,  Mrs   154 

Casey,  James   192 

Caseville.  .3, 10, 19,  25, 26,  28,  29,  30, 
40,  46,  50,  77.  87,  95,  98,  101, 
102,  103,  120,  124,  127,  170, 
181,  203,  211,  224,  225,  234,  243 
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Casevilie  harbor   294 

township,(T.17  N.,  R.  10  E.) 

126,  129,  178,  211,  225,  233 

Section  1  101,  178 

2  101,  179 

3   120 

•'     10   179 

"     11   179 

12   179 

"  13.-95,101,103,126, 

129.  179,  211,  225 

14   179 

15   179 

•'     16  103,  233 

21   179 

22   180 

"     23  103,  180 

"    24   180 

"     25   180 

"    26  61,  103,  180 

"    27   180 

•     "     28   180 

"     29   180 

"     30   180 

"     31   181 

"     32  103,  181 

"     33   181 

'•     34   181 

"     35  61,  91,  181 

"     36   181 

township,  (T.  18  N.,R.10E.)  188 

Casing  123,  124,  129 

Cass  City  63,  100,  221 

River  53,  66.  70,  128 

Valley   68 

Cassinke,  J   173 

Cathartic  water  161,  167 

Catskill  series  15,  19,,  189 

Cement ...  ,1,  98,  168,  186,  208,  217,  227 

Centronella  flora   20 

julia  24.  246,  269 

See  ROMINGERINA  julia. 

Cephalopods  289,  290 

Ceratites   281 

Chalcopyrite   229 

Challis,  W   165 

Chalcedony  2,  104,  230 

Chalybeate  waters   135 

Chamberlin,  T.  C  121,  126,  127 

Champine,  Alex,   189 

Chaniplain  epoch  5,  62 


Chandler   Township,  (T.  17  N. 

R.  11  E.)...14,  130, 131,182, 
184,  185,  216,  226,  240,  241, 
242,  243, 

Section  2  

3  96, 

"  4  

5  .....101, 

"      6  '....101, 


9  101, 

10  

11  54,  183, 

14  

16  101, 

17  101, 

18.,  108,  183, 

19  

20  

21  

23  183, 

24  100,  101,  183, 

25  100,  101, 


"  28  

"  30  

"  31  

"  32  

"  33  

"  34  

"  35  

.36   ...14.101, 

Channels,  glacial  drainage  

underground  water  

Chappell,  W.  T..  .113, 114, 123, 14.5, 

Chapin  

Charity  Island...  2,  7,  57,  104,  106, 
107,  203,  230,  242,  243,  244, 
295,  297, 

Cheboyong  creek  

See  Shebeon. 

Chemnng  shales  19,  24,  284, 

Chert  61,  230,  295, 

Chiastolite  schist  

Chicago  lake  

Chips  of  wood  in  boring  153, 

Chiton  

Chittenden,  Col.  H.  M  

Chlorine..  132, 133, 134. 138, 139. 140, 
141, 


244 
182 
182 
182 
182 
182 
182 
182 
182 
183 
240 
183 
183 
183 
216 
183 
183 
183 
226 
216 
184 
184 
184 
184 
184 
184 
184 
185 

ia5 

185 
69 
113 
220 
64 


287 
301 
60 
84 
1.54 
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Chlorine.   See  also  Analysis. 

Chlorite  

Chonetes  26,  88,  253, 

pulchella  

illinoisensis  

scitulus...88,  252,  253,  286, 
Church,  Bros  182,  191, 

J  

Wm  

Chnrchill  well,  Alpena  

Christinas  run,  Ohio  

Cincinnati  anticline  

Citric  acid  

Cladodus  concinnns  109, 

See  also  Fish. 

Clark,  A.  N.,  analysis  by  

Henry  

J.  M  •  

Clark's  station  

Clay  iron  stone  

Clays  89,  99,  203,  208, 

Cleveland  shale  29, 

Stone  Co  199,  206, 

Clifford  

Climate  31, 

Clynienia  

Coal.  .1,  99,  115,  145,  146,  148,  192, 

193,  199,  217,  218,  219,  221, 
233, 

Coal  measures. .  .113,  145,  148,  213, 
287, 

Coast  survey,  U.  S.    See  U.  S. 
Cochliodus  

See  also  Fish. 

Codey,  M  100. 

Colander,  Thos  

Coldwater  shales. 24,  26,  86,  93, 120, 
176,  177,  188,  196,  197,  199, 
208,  213,  252,  262,  263,  265, 
286,  287, 

Cole's  saw  mill  

Cole,  W.  H  

Colfax  Township,  (T.16  N.,R.12  E.) 

52,  69,  70,  71,  73,  95,  96, 100, 
102,  122,  127,  128,  173,  174, 
209,  210, 

Section  1  

6  62,  102,  127, 

7  100, 


13  173,  209, 

18  


Colfax  Township, 

Section  20   173 

"     23   173 

"     24  95,  96,  173,  248 

"    26   174 

"     27   174 

"    29   174 

"    30   174 

"     31  71,  73 

"    32   174 

"     .33   174 

"     34  70,  174 

"     .35   174 

CoUison's  well .  14, 100, 102, 161,  222, 

223,  229 

Colts,  Mark   185 

Conley,  Henry  188,  190,  224 

Conglomerate.  .1,  17,  18,  22,  23,  26, 
176,  181,  190,  199,  200,  201, 

266,  267,  278,  286,  289,  292 

jasper  11,  61 

lig-hthouse   23 

peanut  19,  21 

Conrad,  Mr   281 

Conularia  26,  282 

gracilis  88,  253,  288 

newberryi   292 

Cookingham,  E.  R   8 

Cooper,  J.  R   205 

Cooper,  W.  F,.  .23,  26,  247,  252,  253, 

255,  261,  262,  277,  279,  282,  295 

Copper  60,  228,  229 

Copper  furnaces,  use  of  sand  in. 204,  205 

Coral   104 

Coreyell,  J..  .91,  144,  175.  176,  181,  189 

Corless,  Mr   188 

Corniferous  cherts   61 

See  Helderberg. 

Corry  sandstone   286 

Cowper,  M.  well  of  93,  177 

Crafts,  Mr.   168 

Cranberry  bog  57,  203 

Crawford   28 

Crawford,  F  188,  189,  224,  225 

Creel   46 

Creevy  siding   45 

Crenipecten  261,  262,  270 

caroli  261,  279 

winchelli  270,  291 

Crinoids  20,  267,  278,  279 

Crosman,  Chas  35,  37,  44 

Cross-bedding   104 
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Crnsliiiig  strength  

Cryptonella  246, 

eudora  291. 

Ctenacantlius  

Ctenodoiita  

(nucula  )  sectoralis  

hubbardi  

Cacnllella  cultrata  

Camber  spillway  

Carran,  Mr  

Carry,  Arch  

Cassewagro  shales  

Cuyahoga...  18,  23.  24.  27,  86.  252, 

253,  263,  265.  286,  287,  288. 

289, 

River  287,  288, 

series  

valley  

Cyathocrinus  

Cyathophyllidae  104, 

Cypricardella  

barquensis  

Cypricardia   

bellistriata  

Cypris  109, 

Cythere   

erassimarginata  

Cyrtifc  

Cystina  

Cyrtoceras  tesselatum  


D. 


Dana,  J.  D  228, 

Davidson,  Mr  

Davis,  Prof.  C.  A... 5,  .50,  105,  131, 
1.38,  140,  141,  142,  173,  203, 
227,  230, 

Geo  

T  

Decher,  J  

Deeg,  Christ  14, 

DeKonlncli,  Prof.  

Dentalium  barquense  

Derbya  crassa  259,267,291, 

Detroit  

Devonian  22,  23,  30,  253, 

black  shales  23,  268, 

Dewing,  H  

Diabetes,  effect  of  mineral  water  on 

Diamond  Creek  77, 

Dibb, M  


Dictyophyton   287 

Dip.  .20,  86.  87,  95,  97,  108,  110,  112, 

113,  115 

Dixon,  Mr.   201 

Dolomite. . .  .104,  106,  107,  108,  137.  231 

Dominis,  H   181 

Donaldson,  S   158 

Dorrance  grate    220 

Dow  Honse   138 

Draining  swamps   122 

Dreher,  A   154 

Drowned  Point   82 

Drnnimond,  J   183 

Diiffield,  S.  P   136 

Dufty,  Wm  14.  19,  101,  189,  190 

Dugway  quarry,  Ohio  262,  289 

Danes.. 9,  40,  51,  56,  143,210,236, 

237,  241 

Danster  block   207 

Dnrand,  J.  D   154 

D  wight  k  Hey  wood   170 

Dwight  Township,  (T.  18  N.,  R. 

13  E.  I.  .17,20,  52,  55,  73,  74, 
92,  93,  99,  125,  128.  133, 

192,  193.  194.  195,  240 

Section  1  75.  92,  192 

"     .2  92,  192 

"      3  17,  55,  74,  93,  193 

5   193 

"      6   1&3 

"      8  128,  193 

9   193 

"     11   193 

12  12.i.  133,  193 

••     13  17,  5.5,  73,  9.3,  194 

••     14   194 

"     15   194 

"     16   194 

'•     17   194 

"     18   15M 

"     20  92,  194 

"     21  52,  194 

"     22  17,  194 

"     23  17.  20,  195 

"     24   195 

"     26  17.  195 

"     27   195 

"     28   195 

"     30   195 

"     31  52,  195 

"     32   195 

"     33   195 
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Dwight  Township, 

Section  34   195 

"     35  17,  195 

"     36  52,  195 


E. 


Eagle  Bay  24,  199 

Eakiiis,  Mr   190 

Earth  crust  moyements   77 

Ebert,  L   143 

Edmoiulia  Cf.  binumbonata  . .  .262,  263 

burlingtonensis   290 

Edwards,  J.  P   4 

Eichler,Mr.   184 

Eimer,  H  164,  165 

Einwochter,  Henry   169 

Elevations.-.  44,51,  77 

Elkton  10,  49,  74,  75,  89,  102,  123 

Elkton  Beach   79 

brickyard   210 

Eiienbaum,  S   169 

Elm  Creek   1 

Elm  Island   82 

Emerg-ence,  rate  of,  from  Lake. . .  83 

Encriual  29,  160,  177 

Endersby,  Aaron     156 

Engelhard,  B   150 

Engert,  (ieo.  A   177 

Engler,  L   162 

Epidote   232 

Erb,  0  178,  184,  186,  192 

Erie  shale  29,  177 

Erosion  34,41,80,  82 

of  shore  ,   42 

Escarpments  55,69,93,  94 

Esker  53,  72 

Estman,  Mrs   161 

Enmetria  marcyi   294 

poly  pleura  256,  260,  291 

Enomphalns   303 

carinatus   257 


Fairchild,  H.  L.   74 

Fairgrove   184 

Fair  Haven  Township,  (T.  16  N., 

R.9E.)...3, 14,  100, 102,  111, 
126,  127,  130,  160,  213,  222, 

224,  226,  248,  250 


Fair  Haven  Township, 

Section  1   160 

"     10   160 

"     11  160,  222 

"     12  Ill,  160 

"     13  3,  160 

"     14. .14,  111,  161,213,  224 

"     15  100,  161 

"     16  102,  112 

"     21  161,  222 

"     22  3,  126,  161 

"     23   161 

"     24   161 

"     25  '...102,  162 

"     26  102,  162,  248 

"     27  162,  248 

28   162 

"     33   162 

"     34  100,  248 

"     35   162" 

"     36  163 

township,  (T.  17N.,R.  9E.) 

Section  36  91,  111,  178 

Fall,  Prof.  D.   160,  167 

Falle,  Chas   143 

Farmer's  map  7,  202 

Farweil,  Jerome   192 

Faults..:  92,  112,  113,  129 

Feldspar  232,  233 

Fenestella  105,  109,  279,  284 

Ferns   297 

Fertilizers  203,  226 

Figures  referred  to: 

Figure  1   1 

2  15,  16,  103 

3   74 

4  78,  79,  84 

5  25,  87,  88 

6.  .96,  97,  101,  102, 
106,110,112,116, 

118,  120' 

7   105 

8..  109, 110,  111,  213, 

214,  215 
9..  104,  111,  112, 121, 

122,  138 

10  113,  114.  126,  220 

11  21,  113 

12  121,  124,  125 

Filion,  H. .  .45,  95, 128, 186, 187, 193,  244 
Finkbeiner,  C.  147,  169 
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Finkbeiner,  J.  

Finkel,  J  

Fireclay  

Fires,  eflfect  on  soil  of  

Fire  stone  

Fish  

fragments  

Point  

spines  

teeth  279,  282, 

Fisher,  Mr  166. 

0.  S  

Fissure  113, 

Fistnlipora  

Fixed  carbon  

Flach  and  Conley  188,  189 

Flagstaff  

Fiat  Rock  Point.  .3,  7, 16. 17.  20,  92, 
278,  279, 

Fleming:,  Geo.  N  113, 

Fliege,  Mr.  

Flint.   See  Chert  

Flora  203,  234,  235,  237,  238, 

Flowing  wells. .  .107,  112,  121,  123, 
125,  126,  127,  128,  131,  145, 
146,  152,  154,  156,  160,  161, 
162,  163,  164,  165,  170,  171. 
172,  173,  175,  178,  179,  182, 
190,  192.  193, 
effect  of  weather  and  wind 
on.  see  Weather. 

Fold    

Forbes,  Mr  

Forest  lieach.  .63.  64,  70.  71.  75,  79, 
159,  177,  208,  209,  212,  227, 

Forestviile  27,  28, 

Fort  Wayne  

Fossil  plants  12,  21, 

Fossils.. 12  to  26,  92  to  94,  96,  104 to 
112.  245  to 

Foster  and  Whitney's  report  

Franklin,  B  

Fremont,  M  

French  Kiver  

Fruits  

Frye's  Physical  Geography  

Fucoides  canda  galli  

Fuller,  M.  L  35, 

S.  M  


I  Gaine,  Mr   189 

I  Galena  161,  221,  222,  223,  228 

1  Ganoid  scales  282,  283 

j  Gardner,  J.  101,  179 

Gannett  44.  48.  232 

Garrigues,  Dr.  S.  S  4,  141,  160,  199 

Genesee  shale   188 

Geode  bed   296 

Geological  column   9 

Survey  of  Michigan. .  .170, 

177,  188.  199,  200.  247,  262, 

263.  264,  265,  266.  270,  283,  286 

See  also  Specimens. 

Survey  of  Ohio.  ..261.  264, 

265,  266,  270 

Survey  of  the  United  States. 

See  Gilbert,  Girty. 

Gericke,  Mr   182 

Gerstenschlager,  J   177 

Gettel,  Henry   143 

Mrs.  J.   143 

Gettz,  Mr.   198 

Gilbert,  G.  K. .  5.  6,  36,  37,  62,  77,  83,  84 

Ginter,  Mr  210 

Girty,  Geo.  H..  .6.  253,  2.55.  278, 295, 

301,  303 

Glacial  epoch. . ,  60,  168 

Glaciers   11 

Glass  sand  99,  104,  168 

Goniatites..21. 22, 26, 27,  88,  89,  253, 

261,  278,  279,  281,  282,  285,  292 

allei   283 

cyclolobus   281 

henslowi   281 

hyas   281 

lyoni  279,  281,  291,  293 

marshallensis.  .20, 231,  253, 

281,  283 

mixolobus   281 

oweni   253 

propinquu§   278 

serpentinus   281 

shumardianus   278 

Goodman  Logging  K.  R  48.  49 

Goodwill,  Sam   172 

Gordon,  Dr.  C.  H..  .5,  6,  56,  65,  93, 

133,  142,  253,  296 
Gore  Township,  iT.18  N.,K.  15  E.)  198 

Section  17   2 

18   198 


<Jagetown 


.46,  52,  63.  64,  209 
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Gore  Township, 

Section    198 

Gotts,  P.  0   190 

Gould,  Mr  182,  184 

Grammysia  hannibalensis   292 

Grand  Kapids.  .12,  W,  14,  170,  217, 

296.  297 

group. . .  .145, 148,  153,  222,  223 

limestone   292 

quarries   293 

Granite  11,  61 

Grant,  A.   165 

1)   165 

township,  (T.15N.,R.11E.) 

52,  73, 100, 131.  132,  155, 156,  240 

Section  1  71,  155 

"      6   155 

7  53,  156 

8   1.56 

"     11  71,  156 

"     13  71,  156 

"     14   71 

"     15   52 

"     16   156 

"     17   156 

"     18  63.  156 

"     19   71 

"     20   63 

"     21   63 

"     22  63,  156 

"     28   71 

"     29   71 

"     31  63,  71 

"     32   63 

"     34   63 

"      35   l.-)6 

Granville,  Oliio  264,  288 

Grassmere. . .  .48,  49,  1.30,  171.  172.  173 

Beaches  64,  74,  79 

Grate  for  coal   220 

Gratiot  eoiinty   129 

Gravels  61,67,  68,  69,  74,  212 

Graves,  A.   165 

J  143,  146 

Gray,  Asa  238,  239 

Greenbusli,  N.  Y.,  Benchmark. ...  44 
Greenleaf,    Jeremiah  (Universal 

Atlas)   7 

Greenleaf  Township,  (T.  14  N., 
R.  12  E.)  Sanilac  county. 

Section  .32   248 

Gregory,  M.  C   179 

40-Pt.  II. 


Gremel,  F.J   143 

Grice,  Jos   81 

Grill,  John   171 

Grindstone  Cily.  .18,  22,  24,  28.  41, 

86,  87.  90,  93,  173,  196,  199, 
239,  240,  244,  245,  269,  290, 

291,  292 

Grindstone  quarries. 16,  17,  21,  176, 
177,  199,  206,  271,  274,  275, 

277,  283 

Grindstones. . .  .1,  90,  170,  192,  205,  207 

Gritstone  17,  205,  253,  277 

Gritzner,  Ed   191 

Green,  Joseph   146 

Gull  Island  105,  2.38,  242 

Gypsum...  14,  98.  99,  101,  102,  103, 
104,  113,  130,  133.  1.34,  138, 
141,  153,  161,  164,  167,  170, 
173,  178,  180,  182,  184,  185, 

190,  226,  233 


Haeberlein's  brewery  114,  129,  145 

Hafiner's  well  100,  112,  162 

Hag-en,  J.   158 

Hall's,  J.  well   200 

Hall,  James,  cited.  .  .246,  254.  258, 
259,  263,  264,  266,  270,  277, 

280,  281.  284,  301 

Hamilton  facies   286 

group.  .28,  61,  1,37,  160, 

177,  216,  259,  287 

Hanselman   159 

Harbor  Beach  (Sand  Beach).. 26, 
27,  28,  29,  30,  32,  35,  40,  43, 
45,  46,  .58.  78,  82.  87,  88,  93, 
133,  135,  136.  137,  138,  160, 
196,  209,  225,  234,  240,  287,  288 

Harder,  E   165 

F.  G   165 

J.  B.   165 

Hardpan   10 

Hardwood  Point.. ,3,  17,  20,  40,  92, 
95,  190,  230,  253,  279,  280, 

281,  383,  285 

Hare,  J.  H   156 

Harrington,  W,  J   201 

Harrison,  Richard  1,57,  158 

Hartmanii,  W  160,  167,  182,  183 

Harvey,  3Irs.   183 

Haskell,  Miss  190,  204 
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Haskell,  >.  A  28,  224 

Hat  Point.  .16,  19.  .57.  90,  92,  203, 

240,  241,  293,  294 

Hayes,  P.  0    32,  33,  179,  211 

Hazard  R,  f   173 

Head  of  wells  121.  126 

See  also  FLOWING  wells. 

Heatou,  W.  I.   184 

Heekert,  C   169 

Heist,  Mr  210 

Heistermann,  Mr  107,  222 

(See  Stony  Island.  ) 

Held,  Mr   249 

Helderberg  brines   135 

limestone. .  .13,  30,  61,  177 

Helena   45 

Heiodns   109 

Hematite   2.30 

Henderson,  Dr.  Jas   248 

Henning,  Chas  155,  221 

Henry,  A.  J   37 

Wm   162 

Herrick,  C.  L..  .18,  23,  26,  246,  247, 

258,  260,  261,  263,  264,  265, 

266.  268,  270,  271,  274,  281, 

282,  283,  284,  285,  286,  288 
Hetlieriuarton  k  Rasher,  analysts.  136 

Hieks,  L.  E.  288 

Hidnler,  B   81 

Hill,  Mr   183 

Hillsdale  59,281.  283,  288 

Hiutou,  Wm   169 

Hoehlke,  Martin  94,  1.59 

Hoffman,  Mr   171 

Hofmeister,  C.  J..  .7,  143,  146,  147, 

152,  153,  162,  164,  165,  166,  168 

Hoist,  Jacob   168 

Holland,  Mich  280,  289 

Holmes,  J.  A   178 

Hood,  museum   247 

Hornblende  11.  61,  232 

Hotel  Hannah   114 

Houghton,  Donglas. . .  .2,  3,  35,  41,  246 

Howell,  frost  at   32 

Hubbard,  Bela  2,  196 

Hudson  Bay   249 

Hume  Township,  (T.18N.,R.12E.) 

3,  19,  120, 190, 192,  227,  240, 

242,  244,  283 

Section  2    95,  283 

7  3,  19,  95 

"     10  95,  190 


Home  Township, 

Section  11   190 

••     12  .52,  120.  190 

"     13  .52,  191 

"     14   191 

"     15   191 

19   191 

"     20  95.  191,  227 

"     23   191 

"     25   72 

"     26   192 

^'     27   192 

28   192 

31  52,  192 

"     32   192 

34   52 

■'     35   192 

'•     36   192 

Huron  City. .  .10,  24,  196,  240,  241, 

242,  253,  268,  269,  270 
county..  103,  117,  121,  131, 

227,  234,  235.  237,  246, 247  ,  286 

Grindstone  Co   206 

group  18,  255,  257,  258,  266 

lake  79,  212 

lobes  66,  68.  69 

Salt  Co   224 

shales  29,  177,  188,  266 

Huron  Township,  (T.  19  X..  R 
14  E.i.  ..17,  24,  74.  75,  133, 

196,  243,  244,  290 

Section  2   196 

3  3,  74 

4  92,  196 

5   196 

6   196 

7   196 

8  52,  92,  196 

9  92,  197 

"     10   197 

"     11   197 

"     12  76,  81,  197 

^'     13   197 

14   197 

"     15   197 

"     16   197 

'■     17  92,  290 

^'     19   197 

21  92,  198 

•'     24   198 

"     28  17,  93,  198 

"     29   198 
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Unron  Township, 

Section  30  24,  198 

31  52,  198 

"     32  52,  92 

"     33   198 

"     34   198 

Hutchinson,  J   173 

Hydrogen  sulphid  . . .  .133,  135,  159.  192 

I. 

Ice  age   (iO 

Illinois   16 

Improper  casing   124 

Indiana  12,  i:..  id. 

Indians  ^,  Tii.  -'1- 

lugall,  Mr   178 

Inocerainus   285 

Iosco  county   295 

Iowa  geology  15,  16,  277.  301 

Irion,  H   15:: 

Iron  138,  142,  145 

See  also  Analyses. 

ore  ibopi  10,  91 

stune  .-ray   19 

Isle  an  Traverse   7 

J. 

Jackson,  Wni   199 

Jahnke,  A  .'   143 

Carl   154 

Jenks,  Geo.  J  80,  82.  224 

Johnson  Station   45 

Prof.  J.  B                    214,  215 

Johnson,  Peer  &  Wallace   206 

Jones,  C   189 

Jonesville   59 

K. 

Kain,  Jacob   169 

Louis   168 

Kalamazoo  valley   290 

Kames  68,  71 

Kaolin   2.13 

Kappen,  W.   168 

Kaskaskia  formation. .  .12,  13,  293,  296 

Keane,  Chas   178 

Kedzie,  F.  S.  137,  175 

K.  C.  136,  178 

Kelly,  \V  187,  194 


Kennedy,  Mr   191 

Kent  Scientific  Institute  247,  297 

Kentucky   286 

Keokuk  formation. ..  .16,  286,  295,  296 

Keyes,  C.  R.   15 

Kilbourn  Kiver,  Ohio   292 

Kilkenny,  P.  0  47,  169 

Kilmanagh,  P.  0  50,  153,  169 

Kinibainsland   20 

J.  K  36,  44 

Kinch,  Mr.   201 

Kinde...   45,  187 

Kinderhook  19,  2.3.  268,  291 

Kindig,  (ieo   169 

King,  J   156 

Miles   156 

Prof.   269 

Thomas   198 

\\   189 

Kleaber,  G»'o   161 

Kleinschniidt   163 

Klemnier,  J  100,  173 

Knaski,  J   195 

Kobeld  14.3,  144 

Konkel,  Mr   220 

Kramer,  Geo   168 

Mrs   199 

Kreutziger,  B  127,  173 

Kuehn,  W   147 

Kula,  3Ir.  V.   201 

Kuudiuger,  Geo   153 

L. 

Lackey,  Mr.   186 

Lake  Algonquin.  See  Algonquin. 

Chicago   84 

currents   34 

Huron  .35,  42,  127,  208,  243 

Lake  level  35,44,  84 

Nipissing.    See  NiPissiNG. 

Lakes   .56 

Lake  Survey,  U.  S.  See  U.  S.  Lake 

Survey. 
Lake  Warren  and  other  Lakes. 

See  name  of  lake. 
Lake  Township,  (T.  18  N.,R.11E.) 

Ki,  19.  52,  91,  95,  96,  99, 100. 

189,207,  294 

Section  15  16,  207 

18  189,  294 

23   189 
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Lake  Ton  nship, 

Section  24   189 

25   189 

26   189 

"      30... 91,  95,  96,  99,  100 

32  19,  190 

34   190 

3o  19,  190 

36  52,  190 

Lambert,  Mr.  222,  223 

Lamellibranchs.  .20,  21, 22,  24.  277, 

284,  288,  289,  292 
See  also  names  of  genera. 

Land  plants   22  and  chapter  IX 

Lane,  A.  C.  .7, 50, 131, 142, 145,  247, 

248,  252,  287,  289,  292,  293 

F  173.  287,  293 

Mrs.  A.  C.   249 

Langley,  Prof.   214 

Lausins  32,  175 

Lapliam,  Dr.  J.  A   44 

Latham,  Mr.   200 

Lanrentian   87 

Lawrence,  Mr   179 

Lawton,  CD   4 

Layer,  Jacob   177 

Laylien,  Gottleib   169 

Lea,  3Ir.   249 

Lead  155,  161 

Learned,  J.  K..  .28,  75,  92,  190,199,  200 

Leiopteria  torreyi  20,  92,  253,  284 

halli   291 

Leipprandt,  C.  F.. .  .33,  95, 101. 103, 

129.  179,  211,  225 

Lepidodendon  117,276,  277,  293 

Leptaena  rhomboidalis   286 

Level  of  lakes  35,  44,  84 

Leverett,  F.  61,  62 

Libby  101,  179 

Liberty,  Jackson  county,  Mich. . . .  277 
Licking  county,Ohio.. 264,  266,  270, 

287,  288,  289,  293 
Lighthouse.    See  Point  aux 
Barques  lighthouse. 

Liken,  Henry,  Jr   147 

J.  C.  .114.  116.  143.  144.  145, 

146,  149,  166 

Lime   108 

Limestone...!,  2,  30,  55.  100,  104, 
107,  108,  109,  110,  111,  145, 

208.  210.  212.  213,  231 


Limestone.  See  also  Maxville, 
Bayport,  Soule,  and 
Helderberg. 

Limonite   230 

Limnsea   249 

Lincoln,  S   178 

Lincoln  Township,  (T.  17  N..  R. 

13  E.)...52,  72,  73,  122 

Section  5   187 

6   187 

7   52 

■'     18  52,  187 

"     19   187 

"     20  72,  95  187 

"     21   72 

"     22   187 

"     29   72 

"     30  52.  187 

"     31  52,  72,  187 

"     32  72,  187 

"     33   72 

■•     34   72 

••     .35   72 

Lindeberger,  A   166 

Link,C   169 

Linkville   169 

Lithostrotion..4,  13,  105,  106,  107, 
108,  109,  110,  166,  178.  294, 

295,  297,  301 

Little  Charity  Island  105,  106 

Little  Oak  Point  96,  293 

Litnites   295 

Loch,  Thomas   158 

Lock   93 

Lockman,  Mr   192 

Lodi,  Ohio   288 

Logan  group  (Ohio). .  .14,  15,  16, 
263.  264,  265,  270,  286,  288, 

291,  292.  293 

Lonsberry,  J  19,  96,  182 

Lower  Forest  Beach   64 

See  Forest  Beach. 

Lower  Grand  Rapids  98.  153 

Lower  Marshall  formation  120, 

125,  127,  137.  138,  166.  173. 
174,  176,  181.  189,  197,  199, 
230,  231,  232,  2.52,  253.  264, 

269,  270.  279,  282,  286,  291,  293 

Lower  Mississippian   267 

Lucht,  John   168 

Lundy,  Mr.  199,  200 
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Lutson,  B.  103,  181 

Lntz  Farm   149 

Lynch,  J.  E   170 

Lyriopecteii   270 

M. 

Macadam  212,  214,  2ir. 

Macfarlane's  Geographical  Rail- 
way Guide   4 

Macrodon   264 

hamiltonae   286 

McAllister,  Robt   191 

McArdle,  Frauk   183 

McArthur,  Mr   154 

McBrine,  3Ir   196 

McCanley,  F.  D   164 

McCoiibrie,  James  130,  182 

McCoy,  Mr   274 

McCrea,  l>   177 

McDonald,  Mr   197 

McGargle,  Mr  ,   193 

McKay,  Mrs   189 

McKenzie,  W.  A.   155 

McLaren,  Mr  189,  192 

McLean  and  Reed   192 

McMillan,  Chas   159 

McPhail,  D   156 

McPherson,  Mr   184 

Magnesia  139,  140 

Magnetic  variation   2 

Maier,  H   165 

Manganese   231 

Mansfield,  Ohio   292 

Malphns,  Mr   183 

Marcasite  219,  223,  229,  233 

Marl. .  .10,  70,  71,  191,  226,  227,  249,  250 

shells  of  9,  10,  53,  203,  247 

Marotski  Ch   143 

Marshall,  formation.  ..3,  14,  16,  17, 
18,  22.  23,  25,  26,  30,  55,  86, 
89,  90,  91,  94,  96,  99, 107,  111, 
120,  122,  148,  153,  205,  232, 
247,  252,  253.  260,  265,  268, 
269,  271,  273,  275,  277,  280, 
281,  282,  283,  284,  285,  290, 

292,  293 
sandstones.  .56,  69, 127, 128, 

158,  173,  230,  273,  277,  280 

shales  232,  247 

Martini  and  Campbell  145,  146 

Martinia  256,  267 

Mason,  L.  P.,  wells  of  91,  178 


Mattawa  valley  76,  77 

Matz,  Fritz   153 

Mauch  Chunk  shale   189 

Maumee  Lake   63 

Mawille  limestone  (of  Bayport) 

12,  15,  98,  103,  107,  120,  145, 
247,  286,  290,  295,  296,  298 

See  Bayport. 

(of  Ohio)  J 2, 13,  297 

Maxwell,  A.  and  T   183 

Maywood,  C.  G   117 

Meade  Township,  (T.17  N.,  R.  12 E.) 

52,  73,  123,  185,  216,  240 

Section  2   185 

3  74,  185 

4   185 

5  96,  185 

6  52,  55,  96,  185 

"      7   185 

8   185 

9   123 

"     12   185 

"     14    185 

"     15  55,  96,  186 

"     16   96 

"     17   186 

"     18  96,  100 

"     19  96,  100,  186,  216 

"     20   186 

"     21   186 

"     22   186 

"     27   186 

"     29   186 

"     32   186 

"     33   186 

"     36   52 

Meagher,  Ed.   200 

Medina  county,  Ohio   263 

Meek,  F.  B   263 

Melanterite   233 

Melonites  278,  281 

Meredith,  Mr     172 

Merista  (houghtoni).  .254,  257,  260, 

267,  279 

Merjelen  See   67 

Mica   232 

Michigan  Cement  Co   216 

lake   77 

series.  .13,  14, 15,  16,  96,  98, 
99,  102,  103,  112,  129,  136, 
138,  145, 149, 164, 167, 168, 
170,  186,  216,  221,  223,  286, 

290,  293,  294 
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Michigan  Standard  Coal  Co  114, 

213,  219,  220 

Microdon  reservatus  260,  270 

Minden  City  45,  46 

Midland  59,  98,  101,  129 

Miller  12,  114,  168 

Milwaukee,  water  level  at  36,  37 

stone  98,  216,  217 

Mines  113,  218 

31iuerals   228 

Mineral  waters...  1,  128.  129.  130, 

132.  134,  141,  159,  179,  210 

3Iiutline,  D  101,  188 

Mississippi  limestones   296 

valley   103 

Missoari  16,  212,  223,  266 

geological  survey   142 

Modiolopsis   294 

Moeller,  H   163,  181 

Moistnre   218 

Mold   203 

3Ionroe  county   126 

Moose  River   249 

Moot's  Run  26,  287,  288 

Moraine  67.  68.  70,  74 

Morrison,  Mr  157,  196 

Moscow,  Michigan. .  .277,  280,  281,  283 

Mosey,  Mr   186 

Mosher,  Mr  178,  183,  184,  186,  193 

Mosner.  Mr  129,  146.  222 

3Iott,3Ir   175 

Mud  Creek  48,  50 

Mud  Lake  53.  71,  78,  227,  240 

Mueller,  Adam   165 

F   164 

Miiller,  Henry  ...    145 

Munsteroceras  oweni  278,  279 

Murdens,  S.  J..   200 

Murdock,  J.  J   180 

Mnsking'um  county,  Ohio   293 

Myalina  270,  294 

michiganensis   292 

pterinaeformis  273,  284 


N. 


Napoleon  series  (upper  Marshall  ), 
3.  13,  14,  15,  17,  18,  20,  21, 
30,  90,  91,  96,  98,  99, 100, 101, 
102,  103,  110,  112,  116,  118. 
120,  122,  123,  125,  126,  127, 
128,  129,  130,  136,  141,  143, 


Napoleon 

145,  146,  147,  149,  151,  153, 
163,  166,  167,  176,  181,  183, 
184,  186,  207,  221,  252,  277. 

285,  286,  293,  294, 

Nash.  Wm  

Nautilus  277,  295, 

Neely,  A  

Nettle  Run  

Neuropteris   

Newark,  Ohio. . .  .262,  263,  288,  289, 

Newberry  29, 

See  Ohio  correlations. 

Newman,  J  

New  River  salt  well.  .24,  26,  27,  28, 
74,  86,  87.  93,  201,  204, 

Newly,  Andrew   

See  Neely. 

New  York  20. 

Niagara  Falls,  erosion  of  

Nims,  W  

Nipissing,  Lake  76,  77,  79,  83, 

Noble,  W  

North  Charity  Island.. 240,  241,  242, 
243. 

See  also  Charity  and  Big 
Charity  Island. 

North  Island. .  .3,  97,  106,  107,  108, 
110,  213,  232, 

Nucula  270,  276.  279, 

hubbardi  24,  277,  279, 

iowensis  270, 

Stella  

Nnculana  

bellistriata. .  .277,  279,  284, 

diversa  

similis  279,  289, 

ventricosa  

Nnculites  fallax  282, 

Nugent,  Richard   


184 


297 
281 
281 
289 
277 
20 
291 
279 
292 
277 
284 
158 


Oak  Grove  114,  123,  129  218 

Oak  Point. . .  .2.  7, 13. 14. 57,  90,  96, 

99.  204,  294 

Oborski.  John   159 

Oehre   230 

Ohio  correlations...  14,  15,  29,  99. 

103.  107  ,  266,  268,  283,  284. 

285,  286.  287.  289,  290,  291, 

292,  293,  297,  301 

shale   29 
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Oil   199 

Old  Bay  port  130, 180,  181 

Oliver  Towii8liip,(T.]6  N.,R.ll  E.,) 
15,  52,  55,  71,  74,  91, 102, 126, 

131,  170,  171,  172,  173,  210 

Section  1   52 

2   170 

3  170,  210 

4   170 

"  •    5   170 

"      6   170 

7   170 

"      8   170 

9  126,  171 

"     10   171 

"     11   171 

"     12   171 

"     13   171 

"     15   172 

16  w.  91,  172 

••     17   15 

"     18   172 

"     21   172 

"     22   172 

"     23   102 

"     27   172 

"     28...'.   172 

"     29   172 

"     30   173 

"     31   173 

"     .33  102,  173 

35   52 

"     36   173 

Olmstead,  Mr   185 

Oriskany   30 

Orodiis   278 

Orthis  ci-enistria  259.  260 

iowensis   259 

inichelini   259,  2(i7,  279 

vanuxerai  258.  259,  267,  286 

Ortlioceras  267,268,  278,  280 

barquiatium   266 

cinctum   280 

clinocameratum   280 

g-oldfussaneum   280 

indianense   20,  280.  284 

multicinctum   284 

rushense   268 

Ortoii,  Dr.  Edward  263,  286 

See  also  OHIO  correlations. 

Ostracoda   267 

Ottawa  county  280,  289 


Owen  154,  302 

Owenda  e.  .46,  89. 102,  131,  133, 1.54,  224 
Oxbows  54,  57 

P. 

Paint  rock   91 

Palieoneilo  attenuata  288,  289 

concentrica  288,  289 

marshallensis   291 

sulcatina  281,  284 

Palms   45 

Panama.  N.  Y   284 

Paris  Township,  (T.15  N..  K,14  K.)  43 
52,63,  65,  66,  67.  94.  i:!:'..  158,  159 

Section  1   158 

3   52 

6   67 

7   158 

"       8   158 

"     11   158 

"     12   158 

"     13   159 

"     16  94.  159 

"     18  52,  67 

"     19   52 

"     20  67,  95,  133.  159 

"     23   159 

"     24   159 

"     26    94,  159 

"     28   67 

"     29   159 

"     31   65 

"     32  66,  159 

"     33  66,  67 

"     34   159 

"     36   159 

Parisville  52,  94 

Parma  sandstone  12,  13,  104 

Parmelee,  H.  P   59 

Paving  brick  212,  213 

Peanut' conglomerate  19,  20,  291 

Pearson,  J   200 

Pebbles  208,  210 

Peer,  A.  (i  3,  206 

Pennsylvaniii  286,  287.  293 

Pere  Marquette  R.  R.  Co  6,  45 

Pewamo  outlet  64,74,  79 

Phacops  bufo   61 

Pli»thonides  spinosus  253,  288 

Plielps,  W.  L   196 

Phillips,  Prof  259.  271,  274,  281 
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Phillipsia  

longispina  294, 

porllockii  302, 

pygidia  

Pigeon..  10,  19,  46,  49,  57,  91,  165, 
166,  171, 

River.  .3,  7,  46,  47,  53,  74, 
75,  223, 

Furnace  Co  189, 

Pine  Island  

stub  

Pinnebog  133,  192,  210,  222. 

River. .  .39,  47,  49.  54.  57, 
75,  96,  100,  186,  191.  209, 
239,  240,  242,  243, 

Pisidinm  

con  tor  turn  248,  249, 

elongata  

milium  

ventriccsum  

Plain  district  

Plants  2.34,  235,236,  238, 

Plates  of  this  i^art  referred  to: 

1  9,  27,  29,  30, 

2  

3  

4  35.  40 

5  2,  2.5,  35 

6  5,  62,  63, 

7.. 44,  86,  91,  94,  97,  98,  101, 
116,  118,  120,  127,  213,  216, 
223, 

8.  .13,  .31,  42,  59,  63,  66,96,118, 
120,  202,  203,  204, 

9  11, 

10.  .21,  247,  252,  253,  254,  25.5, 
256,  258,  260,  262,  268, 
11.. 20,  247,  253,  254,  260,  261, 
262,  263,  264,  265,  266,  268, 
270,  276,  282, 

Plaster  1,  181,  203,  225, 

See  Gypsum. 

Plasticity  209, 

Pleistocene  9,  145,  148,  153, 

Pleiirotomaria   25,  270, 

huronensis  

strigellatta  

Polj'pora  105, 

Porosity  90, 

Point  au  Cliapean.  See  Hat  Point 
Point  aux  Barqnes.  .1,  2,  7,  16,  17, 
21,  36,  .37.  40,  41,  55,  .56,  87, 


Point  aux  Barqnes, 

90,  92,  94,  141,  201,  241,  244, 
270,  272,  273,  274,  275,  276, 
277,  278,  283,  288,  289. 
Point  aux   Barqnes  grindstone 
quarries.  See  Grindstone 
Point  aux  Barqnes  lighthouse.  .3, 
87,  88,  201,  208,  221,  229.  2.33. 
247.  252  to  270,  279,  285,  288, 
289,  290. 

Point  aux  Barques  sandstone.  .17, 
18,  93,  176,  253, 
Point  aux  Olienes.       See  Oak 

Point  2, 

Point  au  Pain  Sucre  (Hat  Point) 
3,  278, 

Point  Charities.  See  Sand  Point 

Point  of  Pines  

Poutiac,  Oxford  k  Northern  R.  R. 

Popple  P.  0  69, 

Pores  in  rock  

Port  Austin.. 4,  10,  17,  20,  24,  26, 
27,  28,  34,  36,  37,  40,  41,  44, 
45,  58,  77,  87,  93,  94.  95,  124, 
125,  135,  136,  194,  200,  203, 
204,  205,  209,  222,  234,  238, 
239,  240,  241,  242, 
245,  249,  253,  279, 


Port  Austin  sandstone. 


243,  244, 
282.  283, 
284,  290. 
176,  194, 
253,  279, 

Port  Austin  Township,  (T.  19  N., 

R.  13  E.).. 3,  13.  17,  20,  21, 

.50,  52,  74,  92.  93,  94, 199.  200, 
201,  206,  240, 

Section  21  

22  17, 

23  17.  21,  199, 

24  

25  199, 

26  17,  21,  92, 

27  52,  93. 

28  

29  

30  50,  200, 

31  74,200, 

32  

33  

"  .34  

35..  3, 17,20,92,94, 
36  

T.  19  N.,  R.  12  E  199, 


283 
93 
92 
206 
206 
206 
199 
199 
200 
200 
206 
283 
200 
200 
200. 
201 ' 

;>oi 

279 
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Port  Aastin  Township, 

Section  24   279 

25   199 

3()   199 

Portage  shales  19,  2.'{,  27 

Port  Crescent.  .20,  2s,  40,  .".s,  87.  95, 
124.  12S,  i:!4.  V.'.r..  i:!8,  190, 
192,  204,  2n,-,.         240,  241, 

242,  243,  244,  245,  25:5,  283,  284 

Port  Hope   253 

Salt  Co   224 

wells... 24,  26,  27,  28,  88,  188 
Port  Huron  k  Northwestern  R.  R. 

45,  (i4 

Portland  Cement.    See  Cement. 

208,  217,  227 

Portsmouth,  Ohio   263 

Posidonomya   278 

Praseham,  Paul   172 

Precipitation  32,  33 

Preglacial  Valley  59,  110 

Prescott,  Prof.  A.  B  1.36,  171,  178 

Prevailing'  winds   34 

Productus.  .13, 25. 106, 109,  111,  253, 
260,  267,  268,  269,  276,  279, 

282,  287,  294,  295,  301 

arcuatus   294 

blairi   253 

burlingtonen&is   301 

concentricus   276 

costatus   .301 

flemmingii   105,  301 

la-vicosta  88,  253 

marshallensis   295 

newbei-ryi  annosus.  .253,  288 

punctatus   301 

rushvillensis   295 

shumardianus  253,  288 

Proetus  254,  261 

auriculatus   266 

missouriensis.  .23,  253,  254, 

261,  266,  267,  291 

Prothyrls  meeki  2.53,  265,  292 

Psammodns   282 

Pterinea   284 

cardinata   272 

Pyrite..l,  11,  12,  19,  61,  117,  144, 
152,  153,  160,  161.  162,  163, 
166,  168,  178,  189,  199,  213, 

220,  221,  229 

Pyroxene   232 

41-Pt.  II. 


Qualitative  tests  of  water.  .138  to  2ol 

Quality  of  mineral  water   141 

Quarry   164 

See  also  Bayport,  Bab- 
iJiTT,  Grindstone. 

Quartz  ,              229,  2.30.  232 

Quartzites   61 

Quinn,  John   183 

R. 

Raccoon  creek,  Ohio   288 

shales  286,  288,  289 

Radlofif,  T   165 

Rapson,  A.  >V  183,  191.  193 

T..  .173,  174,  176,  187.  191, 

194,  195,  196,  198,  199 

Rapson^s  Siding   45 

Rather,  H.  134,  160 

Chas   167 

Ratio  of  absorption   214 

Raw  material   202 

Red  rock  91,  145,  146,  147,  171 

Reed,  Mr.   192 

Regenscheit,  M   168 

Rehbein,  August   163 

Reinhold,  Ernst  210 

Reithel,  F.  J  167,  168 

Mr   166 

Reither,  J   165 

Retzia  267,  294 

poly  pleura   256 

Rhynchonella  .  .17.  25,  254,  255,  267, 
268,  271.  278.  279,  282,  285, 

294,  295 

barquensis   274 

camerifera  21,  271,  274,  275 

cii'culars   275 

hubbardi   275 

hui'onensis . .  254,  255,  256, 

257 ;  258 

increbescens   269 

radialis   271 

serpentina   256 

subcircularis   271 

vera   256 

Rhyncbonelloids  253,  270,  279 

Rhynchospira   260 

Richardson,  James   158 
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Riddle,  >Vm  

Ries,  H.  fi.  7.  89.  208, 

Riever  &  Stnder  

Rievert,  E.  

Ritter,  Max  

River  sand  

Road  metal  

Robertson,  Geo.  S  

Robinson,  Geo  17,  73, 

Rock  Falls.  23.  26,  88.  2.52,  253.  287, 

ridges   106, 

salt  •. .  .30, 

surface  

Roger's  Point  

Rolph,  D  

Rominger,  Dr.  Carl. .  .4.  7,  11,  12, 
13,  14,  16,  17,  18,  21,  22,  24, 
26,  27.  88,  91,  92,  96,  98,  104, 
105,  109,  160,  189.  199,  215, 
217,  226,  246,  2.53,  25.5.  260, 
268,  271.  278,  281.  282.  291, 
294.  295,  296,  297, 
Romingerina  (Centronella).iulia. . 

17.  21,  24,  25,  86.  92,  246,  2.53, 
2.54.  269,  270,  271,  285,  29o! 

zone.  .25.  26. 

Rose,  F.  E  

Ross,  J  

Rubicon  Township,  (T.  17  N.,  R. 

15  E.)   52, 

Section  4  

15  

"  27  

"  .33  

•'  .35  

"  36  

Ruppert  &  Sanders  

Rushes  99, 

Rush  Lake  10,  57  78,  96,  207, 

Russell,  John.  .6, 113, 116,  143,  146, 
147,  148,  150,  153,  163, 

Ruth  45,  69,  82,  86.  94,  203, 

Ryan,  J  200. 


S. 


Sagrinan-  12,  59,  66,  98, 

Bay... 2,  7,  45,  46,  106.  114. 

116,  128,  129,  148, 
Coal  Co...  114, 116,  127, 
147, 148,  150,  218,  219, 


301 


Saginaw 

Lake  63,  65,  72 

lobe  of  ice  sheet  68,  69 

River   91 

Tuscola  &  Huron R.  R..45, 

.50,  71,  74,  75 

Valley  18,123,237,  2.50 

St.  Clair  29,  30 

outlet   76 

River  30,  78 

St.  Louis  Formation.  13,  15, 16,  293.  296 
See  also  Bayport  and 
Maxville. 

Salina  (or  South  Saginaw )   98 

Salt.    See  also  Chlorine  and 
Specific  Gravity  .  1, 103, 

128,  129,  134,  170,  188,  224 
group.  See  Michigan  SERIES  293 

rock   30 

rocks  16,  28,  224 

See  also  names  of  towns 
listed  on  page  28. 

Sand  204.  243,  244 

Sand  Beach. .  .26,  27,  28.  29,  30,  40, 

43.  45,  58,  93,  135,  196.  240 
See  Harbor  Beach. 

township,  (T.  16  N.,  R. 

15  E.)  93,  177 

Section  5   177 

"     12   177 

"     18   177 

"     19  93.  177 

"     25   177 

township  (T.  16  X..  R. 

16  E.)  177.  178 

Section  30   178 

Sand  dunes.  .204,  235.  239,  240,  241, 

242.  243,  244 

Sand  Point  10,  40,  57,  106,  107 

Sandstone.  .2,  11,  12,  13,  14,  15,  17, 

20,  25,  26, 30,  87,  90, 104, 108. 
109,  110.  115,  129,  133,  134, 

177.  205,  2.52,  255,  263,  270 
See  also  Marshall,  Na- 
poleon. Point  aux  Bar- 
ques. Parma.  Schizodl's, 
Waverly,  Woodville, 
Sylvania. 

Sandy  beds   268 

Sanguinolites  253,  267 

a?olus   263 

amygdalinus   285 
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Sanguiiiolites, 

boi-eulis   275 

concenti'icus  . .'   285 

tlavius  288,  289 

marshallensis   275 

michig-anensis  282,  283 

naiadiformis. .    291 

strigatus   276 

unioniformis  275,  288 

Sanilac  comity  65,  94,  208 

Sawyer,  Win.   191 

Schack,  Geo   161 

Schad,  PliiliD    186 

Scliarizer,  L   191 

Schizodiis.  .20,  23.  253,  260.  263  267. 

278,  279,  294 

n-qualis   264 

;i'<iuim;u-f2inalis   265 

binumbonuta  265 

macrodon   264 

subovata    263 

triangularis  . . .  .260,  264, 

266.  269.  291 

Schlaach,  Wm   198 

Scliniiicker,  John   188 

Schneider,  C.  F   32 

Schoolcraft,  H.  K  1,  2 

Schubach,  I)  103.  ISO 

Schnbel,  <  has   196 

Schuch,  (ieo   222 

Mrs   162 

Schnchert,  Carl   222 

Schultz,  Henry   166 

Sciotoville,  Oliio   287 

Scolithns   269 

Scribner's  qnarry   302 

Scythestoues  206,  207 

Sears,  W.  B   45 

Sebe wains-.  .3,  4.  12,  40,  44,  46  48, 
4(1.  .".().  .".i;.  .->!i,  lid,  86,  97, 
1(10,  l(i2.  lu:;,  KU.  Ill,  112, 
li:!.  11."..  12:;.  1:^7.  129,  140, 
147,  14S,  l,-,o.  2tis,  212,  221,  245 

Sebewains-  bi  iokyanl   210,  211 

coal  218,  219 

Co....  113,  114,  117, 

146,  218.  219,  220 

Creek  57,  77 

marble  works. . .  207 

measures   11 

Mininsr  Co.  .144,  148 


Sebewaing  Creek 

mines.. 7,  92,112, 
129,  223,  229,  233,  297 
•  township,  (T.  15  N.,  R. 
9  E.)...  12,  13,  14,  50, 
52,  62,  76,  86,  91,  99, 
100, 115,  116,  126,  143, 
145, 146, 147,  151, 1.52, 

1.53,  220 


Section  1. 

3. 
4. 


,12,  13,  14,  115, 
143, 

.12,  13,  14,  100, 
126,  145. 


10 

12  

15  

 126 

16  91, 

17..  12.  50,  62.  116, 
147, 

18..  12,  50,  62,  76. 
116,  126,  148, 

20  

21  99,  IKi, 


.14,  86, 


Severn,  John . 
Shales.. 89,  91 


100,  207.  20S.  209. 
212.  21:!.  2.">2. 
See  also  Coldwatek  shai>es. 

Shawang:unk  2. 

Shebeen.  .3,  47,  49,  53,  111,  l&K  21:!. 

222,  223,  295,  296,  297,  298, 
Shell  marls  9,  7.3,  176,  247, 


143 
143 
143 
143 
143 


220 
146 
146 
146 
147 
147 
147 
147 

220 

220 
151 
151 
151 
151 
151 
151 
151 
151 
1.52 
152 
1.52 
152 
152 
153 
181 
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Shells  247,  250,  251 

Sheridan  43,  69,  122 

township,  (T.  15  N.,  R. 
12E.)....53,  69,  72,  156,  157 

Section  1   156 

3   157 

6  69,  157 

"       8   157 

"       9  69,  157 

'•     10  69,  157 

'•     11    69 

"     12   69 

"     13   157 

"     18   53 

"     21   69 

"  .  24  69,  157 

"     25   157 

"     30  53,  69,  72 

"     35   157 

3()   157 

Sherman  Township,  (T.  15  N.,  R. 
15  E.) 

Section  7  52,  69,  159 

"     12  93,  159 

"     30   159 

"     31  94,  159 

"     32   159 

35   52 

(T.  15  N.,  R.  16  E.,  .see 
White  Rock  Township, 
which  has  been  annexed.) 

Slierzer,  W.  H.  62,  126 

Ship  Point   2 

See  Point  aux  Barques. 

Shodwell,  Mr   156 

Shoreline   39 

Shufeldt,  Mr   154 

Shnmard,  Mr  261,  266 

Shnngwoi8:ue.  See  Stone  Island  3 
Sigel  Township, (T.  16  N.,  R.  14  E.) 

43,  52,  67,  71.  86 

Section  17   69 

18  52,  69 

19   52 

21   69 

25   93 

Silicions  concretions   13 

Silurian   30 

Silver  Creek   49 

Sinclair,  Mr   190 

Sinda,  John   158 

Sink  hole  101,  190 


Skene's  well  20. 

See  also  Port  Austin. 

Slickensides  

Smalley,  B  

Small  fruits  

Smeder,  P  

Smith,  Gershom  Wilson  

H.  0  

John  P  36, 

Lawrence  

Mr  

W  153,  162,  163, 

Snell,T  161, 

Soapstone  174, 

Soda  

Soils  132,  202, 

Solen  20,  22,  253,  267,  279, 

priscus  

quadrang-ularis  279,  282, 

Solenopsis   261, 

Sonimerville,  Mr  

Soule.  .13,  14,  89,  100,  145,  186,  190, 
216,  231,  232, 

South  Devon   

South  Saginaw  

Sovereign,  E  14.  91,  95,  96,  99, 

100,  178, 

Sowerby,  Mr,  

Spalding,  Mr.  

Specific  gravity  135,  140, 

Specimens  of  Mich.  Geol.  Sur.  col- 
lections referred  to : 
19000  

1  

2.... 

3.... 

4.... 


113 
207 
238 
193 
184 
193 
180 
178 
168 
201 
166 
207 
140 
203 
285 
261 
292 
267 
193 

294 
254 
98 


.230,  231.  299. 


.299, 


8. 
9. 

19010. 
1 
2. 
3. 
4. 


 100, 

 231, 

.229,  2.31,  278, 


8. 

19020. 
3. 


300 
216 
281 
282 
272 
278 
278 
278 
278 
90 
231 
230 
282 
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Specimens  of  Mich.  Geol.  Sur.  col- 
lections referred  to: 

19028  

19032  

3  

6  268, 

7  230,  269, 

8  

19040.  

1  

2  

3  

4.....  254, 

5  254,  259,  260, 

6  90, 


19050  2:)4, 

1  257, 

2 

3  

4  

5  

6  258, 

7  258, 

8  258, 

9  

19060  254, 

1  254, 

2  254,  260, 

3  

4  254, 

5  254. 


Specimens  of  Mich.  Geol.  8ui 
lections  referred  to: 


•ol- 


8. 
9. 

19070. 
1. 

3 
4. 
5. 
6. 


 254, 

.233,  254. 

.•2:n.  2."')4. 

.254.  257, 


.254.  256,  257,  260, 


.254,  257, 

 254, 

 254. 

....  254, 


8  

9  

19080  

1  

2  254.  260, 


282 

19084 

277 

278 

6 

269 

270 

8 

270 

9 

270 

19090 

270 

1 

270 

2. 

270 

3 

255 

4 

261 

19101 

254 

9 

254 

3 

4 

5 

:.:.V4 
261 

6 

258 

''• 

254 

8 

254 

9 

254 

19110 

254 

•? 

261 

3 

260 

4 

257 

258 

8 

259 

261 

6 

261 

254 

8 

261 

19132 

261 

3 

254 
260 

6 

261 

9 

201 

19140 

261 

1 

254 

9 

254 

3 

261 

5. 

254 

6 

267 

267 

8 

267 

9 

267 

19150 

254 

2 

254 

8 

254 

9 

267 

19161 

254 

8. 

  254 

  254 

  254 

 90,  254 

  254 

.231,  254,  278 

 231,  278 

  231 

..90,  231,  272 

  231 

.231,  254.  272 


96 
216 
216 


 90, 

 100, 

 100, 

.100,  216,  231 

  270 

  231 

  90 

 100,  282 

  299 

  283 

  281 

  284 

  283 

 278,  284 

 230,  284 

  283 

 283,  284 

 283,  284 

  280 

  282 

 278,  282 

 230,  281 

  282 

.281,  283,  284 

 283,  284 

  283 

.280,  283,  284 

.230,  283,  284 

  282 

  253 

  253 

  253 

  253 

  90 

  231 

 226,  233 

...90,  96,  207 
  211 
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Specimens  of  Mich.  Geol.  Sur.  col- 
lections referred  to: 

19170  ...108,  297 

1  108,  297,  300 

2  108,  297,  299 

.3  108,  297,  299 

4  230,  231 

.5   299 

7   300 

8  105,  299 

9  105,  230,  300 

19180  105,  299,  300 

1   105 

2   105 

3  105,  299 

4  105,  300 

5  105,  300 

6  105,  300 

7   105 

8   106 

9  106,  300 

19190   106 

1  106,  230 

3   299 

5   300 

6   300 

7   209 

19201   299 

5   299 

6  297,  299 

7  109,  297,  299 

8  107,  297,  299 

9  107,  297 

19210  107,  297 

1  107.  297,  299 

2  107,  297,  299 

3  107,  297,  299 

4  107,  297,  300 

5  107,  297 

6  107,  297 

7  297,  299 

8  297,  300 

9   297 

19222   100,  216 

3  100,  216 

5   211 

6   211 

7   211 

19233   233 

19246   299,  300 

7   300 

19252   300 

6   264 


Specimens  of  Mich.  Gebl.  Sur.  col- 
lections referred  to: 

19257   264 

8   270 

19260  260,  264 

1   266 

2  265 

3   255 

4   262 

5  255 

6   255 

7   256 

8   256 

19271   258 

2   258 

3   268 

4  ,  268 

7   263 

8   262 

9   283 

19280  261,  266 

1  .261,  266 

2   283 

3   282 

4   282 

Spencer,  J.  ^\.,  cited. .  .39,  41,  62, 

64,  247 

Sphalerite  221,  229 

Sphenotus  260,  267,  270 

ajolus   263 

Spherosiderile   231 

Spirifer.  .25,  253,  254,  256,  260,  267, 

278,  284,  294,  295 

centronatus   261 

centronota  253,  291 

deltoideus  254,  261,  289 

forbesi   294 

glaber  294,  296 

huronensis  254,  255,  291 

insolita   256 

keokuk  112,  296,  301 

marionensis  262,  294,  295 

medialis   254 

pharovicina   255 

I'ockymontana  301 

stratiformis   262 

subaltenuatus   254 

Spiriferina..ll2,  260,  267,  294,  295,  296 
kentuckyensis  (cristata) 

295,  301 

r^pinosa  294,  296,  301 

Springs  54,  131,  162 

Stahl.S   163 
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Starbeck,  Win  

Staiirolite  schist  11, 

Stearus,  R.  E.  C  

Steininan,  W  179, 

Sterki,  Dr.  Victor   7,  247, 

Stewart,  Chas  

Stictopora  

Sti^maria   117. 

Stiu§!:,  Jacob   

John  . .  

Stoll,  Mr  

"  Stone"  cited  111,207, 

Stoney  Island  3,  107,  158,  297, 

Streblopteria  media  

Streptorhyuchns  260. 

I'obusta  

String,  J  

Strong,  E.,  cited.  .246. 297,  301, 302, 

Strophomena  vugosa  

Stneck,  E  

Sugar  Point  

River  

Sulphates. .  .102,  103,  113,  140,  142, 

Sulphur  218, 

Susalla  93, 

Swamp  202, 

Sylvania  saod.stone  30, 

Synclinal  fold  92, 

Syringopora   

ramiilosa  105,  106, 

Syringothyris. . .  .255.  256,  260,  267, 
268, 

carteri  290, 

herricki  

pharovicina .  253,  255, 


Tarr,  K.  S  

Tarry,  J.  (i  161,  221, 

Tawas  Bay  

Taylor,  h\  B..  .5,  61,  62,  63,  64,  65, 

67,  69,  75,  76,  83, 

Taylor's  quarry  

Temperatures  33, 

of  well  waters.  .142, 
145,  146,  149,  152, 
154,  161,  162,  165, 
166,  170,  172, 

Terraces  53,  62, 

Terebratula  260,  267,  294, 

subretzigeformis  


Tests  of  waters  138,  141 

Thompson,  Frank   169 

James   186 

Joseph   195 

Moses   201 

Thumb  of  Michigan  1,  65,  71,  72 

Thunder  Bay  limestone   2 

Till  11,  53 

See  Moraines. 

Tilt,  Mr   187 

Time,  estimates  of  78,  82,  84 

Timothy  10,  203,  244 

Tischendorf,  Mr  198 

Titz,  T   167 

Topography  39,  42 

Traverse  group. . .  .28,  29,  137,  160,  177 

Tremain  &  Clark   224 

Trenton   30 

Trilo  bites   107 

See  Phillipsia  and  Proetus. 

Tucker,  J.  H  80,  81 

Tuscola  county  100,  127,  221,  231 

Tyre  45,  96,  293 

channel  65,66,  79 


U. 


Underpinning,  rock  used  for   207 

Underwood,  Wm   201 

Undrained  hollows    177 

Ubiy  11.  45,  133,  157 

Unionville   59 

Union  House   114 

Upham,  \V  62,70,  84 

Upper  Forest  Beach.   69 

See  Forest  Beach. 

Grand  Rapids  series   153 

See  Maxville  Limestone. 

Helderberg   61 

See  Helderberg. 
Marshall.. 97,  98, 120,128, 137, 
145,  153,  166,  176,  181,  183, 

184,  252,  285,  286,  292 
See  also  Napoleon. 

Mississippian   223 

Urinometer,  to  test  specific  gravi- 
ties   140 

U.  S.  Alkali  Co   136. 

Engineers  7,  35,  44,  76,  80 

Geological  Survey.  .5,  7,  35, 

39,  42,  44,  121 
See  also  G.  K.  Gilbert. 
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U.  S.  Alkali  Co., 

Lake  Survey... 8,  41,  43,  44, 

81,  82,  105,  112 

Land  Survey  8,  81,  105 

V. 

Valvata  tricarinata   249 

Van  Wormer,  Mrs.  Mary   81 

Variation  of  flow  of  wells.  .122, 123, 

145,  146, 155, 156,  163, 184,  198,  200 

See  also  Weather. 

V'aughan,  Prof.  V.  C   137 

Vitrilication     209 

Verona  Mills  11.       liii.  288 

Verona  Township,  (T.  Hi  X.,  P.. 

13E.)..43,  52,  67,  73,  80, 128, 

137,  174 

Section  2   72 

6   174 

"       7  52,  71.  174 

8   71' 

9   71 

"     10   52 

"     11  71,  72.  174 

"     12   70 

"     14   70 

"     18  52,  175 

"  19.70,89,90,95,128, 

174,  175 

"     20  70,  176 

"     21  52,  70,  176 

"     22  22,  68,  176 

"     23  52,  61 

"     24   68 

"     25   176 

"     27   68 

"     28."   68 

"     29  68,  177 

"     31                 51,  68,  177 

"     34   177 

"     35  52,  67,  177 

Volatile  carbon   218 

Voltz,  A.   147 

C  91,  146 

D.  H   147 

W. 

Wad   231 

Wade,  Evan  197,  199 


Wadswortli,  M.  E     5 

school  house  45,  167 

Wagner,  W   167 

Wallace,  A.  H.   228 

L.  R   199,  206 

W.  H  Ill,  224 

Walker,  T   191 

Bryant  7,  247,  250 

Wallingr's  atlas  4,  7,  8,  105,  296 

Walsh,  J   192 

3Irs.  P   156 

Ward,  Mr   191 

Warren  county,  Ohio   287 

Warren,  Lake   72,  73,  74,  79 

Warren,  H.   209 

Water.. 43,  89, 107, 112, 129, 131,  132, 

133,  134,  138 

channels   125 

supply   177 

Watertown  arsenal,  test  at   215 

Waverly  group .  .2.  18,  23,  262,  263, 
264,  265,  266,  270,  285,  286, 

288,  289,  290 

sandstone  2,  262,  286 

Weather,  effect  on  of  wells.. 147, 
149,  151.  156,  161,  167,  171, 

172,  173.  179, 198,  200 
Webber,  Hon.  W.  L.  . .  .5,  6,  .50,  60, 

70,  160,  176,  178,  181,  228 

3Irs.  W.  L  117,  303 

Weeks,  J.  D   160 

Weight  of  stone   90 

Weinlander,  Wm  168 

Weiser,  Carl  161,  162 

Weiss,  F.   198 

Welch,  T.   154 

Wells,  Cyrns  (4   171 

Welsh,  T   189 

Wettzel,  Fred   173 

Wheattield,  Mich   277 

Wheeler,  Prof   241 

Wheliham,  J   192 

Wm   192 

Whetstones   22 

Whitechurch,  Mr   194 

White  Rock.  .7,  26,  27,  28,  29,  41, 56, 
75,  76,  81.  82,  86,  87,  89,  136, 

227,  287 
township,  (T.  15  N.,  R. 
16  E.)..  52,  81,  89, 159,  208 
Annexed  to  Sherman  tp. 
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White  Rock  Towiisliip, 

Soction  f)   109 

7   52 

"     20   81 

"     29   159 

"     :i2  «9,  208 

Whitfield,  Mr.. . .  .1:},  107.  29(i.  297,  801 

Whitiiiore,  C.  W   297 

Whitney,  (Foster  iV  Whitney's  re- 
port)  35 

Whittlesey,  Chas   .'55 

Lake.  .(>;!,  «5.  07.68,69. 

72,  79 

Wilcox,  H  '.   175 

Wild  Fowl  Bay. 3,  5,  7,  105,  107,  290. 

295,  297 

Williams,  Eakiiis  k  Sonle  190,  224 

W  illiaiiis,  H.  J   6 

H.  S.   23 

Mr   200 

Wallow  Creek.  .7,  10.  17,  18,  21.  24. 

37,  39,  53.  55,  70,  72,  77.  79. 
87,  90,  128,  196.2(Mi,2(iH,  27(i. 

2ii(»,  291 

Wilson,  John   158 

W  159.  195 

Winchell,  Alex     .!.  4.  li  7,  11.  12, 

13,  14,  Ki.  17.  IS,  l'.>,  L'u. 
25,  26,  31,  :!2,  M.  ss.  ii),  lis, 
99,  104,  106.  107.  Kis. 
199,  20(i,  228,  24(i,  247.  'IWl. 
254,  255,  259,  2(iO,  2(il ,  2ii2. 
263,  264,  266,  2(i7,  iV.s.  ■Jiiii, 
271,  274,  27(i.  27^,  :^7:i.  2^(1, 
2S1,  282,  2S3,  2S4,  2^:..  2!M), 
201,  292.  294.  29.V  2'.i(i.  21i7,  .■JOl 

Wind  :i4,  41 

etfeeion  wrils.  See  Weather. 

VakIATION.  elf. 

Winsor  46.  59,  102.  169 

42-Pt.  U. 


Windsor  Township, 

(T.  16  N.,  R.  10  E.) 

Section  3   103 

4  50,  61,  103 

5. .  .13,  50.  75,  10.3, 

104,  108,  110,  213 

9   110 

••     11   91 

••     15   110 

••     18   91 

••     21   50 

22   110 

"     23   74 

••     25   59 

••     28   102 

••     29   102 

■•     30   102 

•     31   102 

••     .32   102 

•■     33   102 

"     36   75 

Winter,  C  143,  151 

Wisconsin  15,61,  82 

Geologieal  Survey.  ..207,  21() 

Wisner  benchmarks   36 

Wisner,  L   153 

Witwer  cheese  factory   159 

Wood  in  drift   154 

Woodchncks   51 

Woodville  sandstone   11 

Woodward,  Mr.   70 

Woodworth,  T.  1?.  101,  182 

Wooster,  John  172.  194 

Ohio. .  .26:!.  2>ss.  2S'.),  290.  292 

Worthen  cited   281 

Wressel,  Geo.   196 

W  right,  A.  L.   174 

C.  E.  5,  26,  189, 

Dr.  AV.  C, .  76, 160,  187,  200,  222 

Well   120 

Wurm,  John   1.58 


DESCRIPTION  OF  PLATE  X. 


Figs.  1,  2.  ChoneteK  scituhix  HaU.  View  of  pedicle  valve  and  of  brachial  and  pedicle 
valve  in  conjunction.  Upper  Coldwater  horizon.  Point  aux  Barques  lighthouse,  Huron 
county,  Michigan. 

Fig.  3.  Hjnrifff  huronensix  A.  Winchell.  Pedicle  valve  of  an  average  individual.  Upper 
Coldwater  horizon.   Point  aux  Barques  lighthouse. 

Fig.  4.  Spirifer  (leltouleux  Herrick.  Brachial  valve.  The  stria3  are  not  preserved  towards 
the  hinge  line.   Upper  Coldwater  horizon.   Point  aux  Barques  lighthouse. 

Figs,  6.  Syringothyris  pharovicina  A.  Winchell.  Brachial  and  pedicle  view  of  two 
individuals. 

Fig.  7.  Specimen  showing:  c,  cardinal  area:  d.  delthyrium:  e,  dental  plate:  p.  tubular 
portion  of  tranver.se  plate :  t,  internal  cast  of  tube.  Upper  Coldwater.  Point  aux  Barques 
lighthouse. 

Figs.  8.  9,  10.  Cumaroti'-ckia  hi/roiteiisis  var.  pncijuid  A.  Winchell.  Pedicle,  profile  and 
ventral  view  of  this  species.   Upper  Coldwater.   Point  aux  Barques  lighthouse. 

Figs.  11,  12.  t'amurof'i'chia  rainerifera  A.  Winchell.  Lower  Marshall.  Valley  of  Willow 
river.  Huron  City.  Michigan. 

Fi^'s.  13.  H.  F.iiiiiiliiu  polypleiiru  A.  Winchell.  Pedicle  and  brachial  view  of  two  indi- 
viduals.   Upper  Coldwater.   Point  aux  Barques  lighthouse. 
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DESCRIPTION  OF  PLATE  XI. 


Fig.  1.  A>:iculopecten  areolatiix  n.  sp.  (Cooper.)  Left  valve  showing  the  irregularly 
striated  test.   Upper  Coldwater.    Point  aux  Barques  lighthouse. 

Fig.  2.  LeiopUria  torroji  Hall.  Left  valve  magniaed  two  times.  Marshall  group.  Port 
Austin.  Michigan. 

Fig.  3.  ilicrodon  reserratm  HaU.  Left  valve  showing  muscular  impressions  and  con- 
necting pallial  line.  Upper  Coldwater.  Valley  of  Willow  river,  two  miles  south  of  Huron  City 

Fig.  4.  Xuculites  fallax  n.  sp.  (Cooper.)  Left  valve  enlarged  two  times.  Marshall  group. 
Port  Austin.  Michigan. 

Fig.  5.  E'liiionrJia  bitiHrnbonata  A.  Winchell.  Right  valve  of  this  form.  Upper  Coldwater. 
Point  aux  Barques  lighthouse. 

Fig.  6.  Splunotui  itolus  Hall.  Right  valve  of  a  specimen  of  this  species.  Upper  Cold- 
water.   Point  aux  Barques  lighthouse. 

Figs.  7.  8.  Schizodws  triangularis  HeiTick.  Left  and  right  valve.  Upper  Coldwater. 
Point  aux  Barques  lighthouse. 

Fig.  9.  Schizodm  binurntionata  A.  WinchelL  Right  valve  of  a  normal  specimen.  Upper 
Coldwater.   Point  aux  Barques  lighthouse. 

Fig.  10.  Prothyris  metki  A.  Winchell.  Left  valve  showing  a  variable  form  of  this  species. 
Upper  Coldwater.  Point  aux  Barques  Ughthouse. 

Fig.  11.  SanguinoUtes  borealis.'  A.  WinchelL  Right  valve  magnified  two  times.  Marshall 
group.   Port  Austin,  Michigan. 

Figs.  12.  13.  SanguinoUtes  mic/iigantnj'ig  A.  Winchell.  Right  and  left  valve  drawn  two 
times.   Marshall  group.   Port  Austin.  Michigan. 

Figs.  14.  15.  Proelus  mixxo'irientis  Shumard.  Head  and  tail  of  this  fonn.  Upper  Cold- 
water.   Point  aux  Barques  lighthouse. 
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A12  7:2 

Geological  report  on 
Monroe  County, 
Sherzer,  W.  H. 


Part  II.  Copper  Bearing  Rocks, 
Raphael  Pumpelly  (Plates  14,  14a, 
15-23  of  the  atlas  accompanying. 
Chapters  IV,  VII.  VIII  are  by  A.  R. 
Marvine). 

Part  III.  Palseozolc  Rocks,  Dr.  C. 
Romlnger.  (Plate  24  of  the  atlas 
accompanies.  There  was  an  extra 
edition  of  500  dated  1872,  without 
map  or  index,  dilTering  slightly  In 
title  page,  introduction  and  paging). 

Vol.  II.  Upper  Peninsula.  1869-1873, 
appendices  to  Part  I.  Vol.  1.  A 
Lithology  by  A.  A.  Jullen,  B.  Lith- 
ology  by  T.  B.  Brooks  and  A.  A. 
Julien,  C.  Lithology  by  Charles  B. 
Wright,  D.  Ore  deposits,  E.  Lith- 
ology (Notes  by  D.  Houghton),  F. 
Iron  ore  dock  (by  Jacob  Houghton 
and  Chas.  H.  Palmer,  with  Plate 
20),  G.  Census  statistics  (18f70),  H. 
Magnetic  Analyses  (by  F.  B.  Jen- 
ney\  I.  Mining  laws  (by  C.  D.  Law- 
ton),  J.  Metallurgical  qualities  by 
H.  E.  Tuttle,  K.  Contortions  of 
Laminre  (bv  T.  B.  Brooks). 

C.  ROMINGER,  State  Geologist. 

Vol.  IH.  Lower  Peninsula.  1873-1876, 
accompanied  by  a  geological  map. 
Edition  2,000. 

Part  I.  Geology  of  the  Lower  Penin- 
sula, by  C.  Rominger. 

Appendix  A.  Observations  on  the 
Ontonagon  Silver  Mining  District 
and  the  State  Quarries  of  Huron 
Bay,  by  C.  Rominger.  B.  Report 
on  the  Salt  Manufacture  of  Michi- 
gan, by  S.  S.  Garrigues,  Ph.  D., 
State  Salt  Inspector. 

Part  II.  Paleontology.  Fossil  corals, 
by  C.  Rominger  (with  55  plates). 

Vol.  IV.  Upper  Peniusula.  1878-1880, 
accompanied  by  a  Geological  map. 
(Edition  2,000.)  Part  I.  Marquette 
Iron  Region.  Part  II.  Menominee 
Iron  Region,  by  C.  Rominger. 

See  also  Vol.  V,  Part  I. 

See  also  reports  by  Brooks,  Pumpel- 
ly and  Wright  in  the  reports  of  the 
Wisconsin  Geological  Survey. 

C.  E.  WRIGHT  AND  M.  E.  WADS- 
WORTH.  State  Geologists. 

See  Vol.  II  and  Vol.  V,  also  the  re- 
ports of  the  Commissioners  of  Min- 
eral Statistics  and  the  following 
entry: 

Report  of  the  State  Board  of  Geo- 
logical Survey  for  the  years  1891 
and  1S92,  to  which  are  appended 
exhibits  Setting  Forth  the  Ex- 
penses of  the  Survey  from  its  In- 
ception to  November,  1892,  Exclu- 
sive of  the  Cost  of  Publication. 
Also  the  Reports  of  Dr.  Carl  Rom- 
inger for  the  years  1881-2;  of  Mr. 
Charles  E.  Wright  for  the  years 
1885-8;  of  Dr.  M.  E.  Wadsworth  for 
the  years  1889,  1890,  1891,  1892,  made 
to  the  State  Board  of  Geological 
Survey  for  the  years  named;  also 
a  Provisional  Report  by  Dr.  M.  E. 
Wadsworth,  State  Geologist,  upon 
the  Geology  of  the  Iron,  Gold  and 
Copper  Districts  of  Michigan. 
L.  L.  HUBBARD,  State  Geologist. 
,  Vol.  V.  Upper  Peninsula,  1881-1884; 
Lower  Peninsula,  1885-1893.  (Edition 
2,500.) 

Prefatory  Historical  Note  by  L.  L. 
Hubbard. 

Part  I.  Geological  Report  on  the 
Upper  Peninsula  of  Michigan,  ex- 
hibiting the  progress  of  work  from 
1881-1884.  Iron  and  Copper  Regions, 
by  C.  Rominger,  accompanied  by  a 
map  and  two  geological  cross-sec- 
tions. 

Part  II.  The  geology  of  Lower  Mich- 
igan, with  reference  to  deep  bor- 
ings. Edited  from  notes  of  C.  E. 
Wright,  late  State  Geologist,  by 
Alfred  C.  Lane,  Assistant  State 
Geologist,  with  an  Introduction  on 
the.  origin  of  salt,  gypsum  and  pe- 
troleum, by  Lucius  L.  Hubbard, 
and  accompanied  by  seventy-three 
plates  and  a  map. 


1899.  Extracts  from  the  atinual  reports  of 

the  State  Geologist  of  Michigan, 
Lucius  L.  Hubbard,  for  the  years 
1897-1S98.  (By  an  error  in  Lansing 
this  report  really  contains  only  the 
report  for  1898.   Edition  500.) 

Vol.  VI.  Upper  Peninsula,  1  J7 
(edition  954,  and  200  of  eacl,  ..t 
privately  printed). 

Part  I.  Geological  report  on  '  e 
Royale.  Michigan,  by  Alfred  C. 
Lane.  Assistant  State  Geologist. 
Accompanied  by  16  plates  and  29 
figures,  Including  map  in  cover. 

Part  II.  Keweenaw  Point,  with  par- 
ticular reference  to  the  felsites  and 
their  associated  rocks,  by  Lucius  L. 
Hubbard,  State  Geologist.  Accom- 
panied by  10  plates  and  11  figures. 

Part  II.  Appendix.  The  crystalliza- 
tion of  the  calcite  from  the  copper 
mines  of  Lake  Superior,  by  Charles 
Palache.  Accompanied  by  six 
plates  (100  extra  printed  separately). 

ALFRED  C.  LANE,  State  Geologist. 

Coal  in  Lower  Michigan,  by  Alfred 
C.  Lane,  published  serially  in  the 
Michigan  Miner,  Vol.  I,  Nos.  3  to 
10.  February  to  September,  1899, 
(500  reprints). 

Annual  Report  for  the  year  1899. 
Michigan  Miner.  Vol.  II,  No.  3, 
February.  1900  (500  reprints  stitched 
In  with  the  following  No.). 

Preliminary,  inofficial,  see  Vol.  VIII. 

The  Origin,  Properties  and  Uses  of 
Shale,  by  H.  Ries,  Special  Agent 
for  the  State  Geological  Survey. 

Preliminary,  inofficial,  see  Vol.  VIII, 
Part  I. 

Published  in  the  Michigan  Miner, 
Vol.  I,  No.  12,  Vol.  II,  Nos.  1  and 
3  (500  reprints). 

The  U.  S.  Survey  have  published 
Monographs  on  the  Copper  Bearing 
Rocks  of  Lake  Superior,  the  Mar- 
quette Range,  the  Penokee  Gogebic 
Range  and  other  publications  rela- 
tive to  the  Geology  of  Michigan,  for 
which  address  the  Director,  Wash- 
ington, D.  C.  Also,  Water  Re- 
sources of  the  Lower  Peninsula  of 
Michigan,  by  Alfred  C.  Lane. 
Water  Supply  and  Irrigation  Paper 
No.  30.  1S99. 

Lower  Michigan  Mineral  Waters,  by 
Alfred  C.  Lane,  Water  Supply  and 
Irrigation  Paper  No.  31,  1S99. 

1900.  Vol.  VII.  Lower  Peninsula,  189.3- 
1899,  (Edition  1500,  and  .500  of  each 
part  issued  separately, 

Part  I.  Geological  Report  on  Mon- 
roe County,  Michigan,  by  W.  H. 
Sherzer.  Accompanied  by  17  plates 
and  8  figures,  including  three 
colored  maps. 

Part  II.  Geological  Report  on  Huron 
County,  Michigan,  by  Alfred  C. 
Lane,  accompanied  by  11  plates,  12 
figures  and  one  inserted  table,  in- 
cluding two  colored  maps.  (100  ex- 
tras of  Chapter  IX,  X  §  2,  and  X. 
§3). 

Part  III.  Geological  Report  on  Sani- 
lac -County,  Michigan,  by  C.  H. 
Gordon,  accompanied  by  5  plates 
and  2  figures,  including  one  colored 
map. 

Vol.  VIII.  Economic  Geology.  1899. 
(In  press,  edition  1500.  500  of  each 
part  bound  separatelv). 

Part  I.  Clays  and  Shales  of  Mich- 
igan, their  Properties  and  Uses,  by 
H.  Ries.— Accompanied  by  four 
plates  and  six  figures. 

The  distribution  of  the  reports  of  the 
Commissioner  of  Mineral  Statistics 
was  under  the  direction  of  the 
Board  of  G.  S.  from  1S77-1S83.  since 
when  they  have  been  distributed  by 
each  Commissioner  independently: 

C.  D.  Lawton,  of  Lawton,  1883-91;  J. 
P.  Edwards,  of  Houghton,  1891-93; 
J.  B.  Knight,  of  Norway.  1893-95; 
George  A.  Newett.  of  Ishpeming, 
1895-99;  Jas.  Russell,  of  Marquette, 


